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Numerous references are cited and discussed in the description of the 
mvention, including patents, patent applications and various publications, as well as 
biological sequences {e,^.. nucleic acid and polypeptide sequences) that are publicly 
available through various databases such as the (jenBank database. The citation and/or 
discussion of such references is provided merely to clarify the description of the present 
invention and is not an admission that any such reference is "prior art" to the invention 
described herein. All references cited and discussed in this specification are incorporated 
herein by reference in their entirety and to the same extent as if each reference was 
individually incorporated by reference. 



1, field OF THE invention 

The present invention relates to compositions and methods which may be 
used to diagnose and treat neuropsychiatric disorders, including schizophrenia, 
15 schizoaffective disorder, bipolar disorder, unipolar affective disorder and adolescent conduct 
disorder. 

The invention also relates to particular genes, referred to as DISCI and 
D1SC2, and their gene products. These genes are demonstrated herein to be associated with 
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ncurops\chialric disorders (including schizophrenia, schi/oatTecti\e disorder, bipolar 
disorder, unipolar atTcctive disorder and adolescent conduct disorder) and are therefore 
useful in the methods of the present invention. 

Ihc invention further relates to particular poKmorphisms of the genes DISC 1 
5 and D1SC2, including particular single nucleotide polymorphisms (SNPs), I hese novel 
polymorphisms are demonstrated here to co-segregate with neurops\chiatric disorders 
(particularly disorders such as schizophrenia, schizoaffective disorder, bipolar disorder, 
unipolar affective disorder and adolescent conduct disorder). 1 he pol\ morphisms are useful, 
therefore, in novel methods of the invention for diagnosing and treating these disorders. 

10 

2. BACKGROUND OF THE INVENTION 

There are only a few psychiatric disorders in vvhich clinical manifestations 
of the disorder can be correlated with demonstrable defects in the structure and/or function 
of the nervous system. The vast majority of psychiatric disorders, however, involve subtle 

15 and/or undetectable changes and the cellular and molecular levels of nervous system 
structure and function. This lack of discernable neurological defects distinguishes 
"neuropsychiatric disorders" such as schizophrenia, attention deficit disorder (ADD), 
schizoaffective disorder, bipolar affective disorders and unipolar atfective disorder from 
neurological disorders in which anatomical or biochemical pathologies are manifest. Hence, 

20 identification of causative defects in neuropathologies of neuropsychiatric disorders is 
needed so that clinicians may diagnose, evaluate and prescribe appropriate treatments for 
these disorders. 

Schizophrenia is one example of a particularly serious and debilitating 
neuropsychiatric disorder that atTects approximately 1% of the worldwide population. 
25 Currently, individuals may be evaluated for schizophrenia and other neuropsychiatric 
disorders using the criteria set forth in the most recent version of the American Psychiatric 
Association's Diagnostic and Statistical Manual of Mental Disorders (DSM-IV). 

There is compelling evidence from family, twin and adoption studies for a 
significant genetic basis to schizophrenia and other neuropsychiatric disorders (McGuffin 




ctai , Lancet 1 995, 346:678-682). This has initiated searches directed towards identification 
of the genetic component or components of neuropsychiatric disorders using such methods 
as Hnkage analysis, association studies of candidate genes and mapping of cytogenetic 
abnormalities in psychiatric patients. However, while such techniques ha\e been applied 
5 successfully to monogentic disorders, neuropsychiatric disorders apparently result from 
combined effects of multiple genes and environmental factors (see, McGuffin et a!. . supra). 
Such effects have complicated efforts to identify genetic components for these diseases. 

Recent studies of a large Scottish family have identified a balanced 
( 1 ;1 1 )(q42.1 ;ql4.3) translocation which segregates with major mental illness (see. St Clair 

10 ef ai. Lancet 1990, 336:13-16; Millar et ai. Psychiatric Genet. 1998, 8:175-181). 
Sequencing of the chromosome 1 breakpoint of this translocation has revealed two genes, 
referred to as Disrupted-ln-Schizophrenia 1 and 2, or DISCI (GenBank Accession No. 
AF222980) and DISC2 (GenBank Accession No. AF222981), respectively. The genes 
DISCI and DISC2 are directly disrupted by the translocation, suggesting that they should 

15 be considered formal candidate genes for susceptibility to neuropsychiatric disorders, 
particularly disorders such as schizophrenia, schizoaffective disorder, bipolar affective 
disorder, unipolar affective disorder and adolescent conduct disorder (Millar et ai , Human 
Molecular Genetics 2000, 9:1415-1423). 

It has been suggested, however, that the Scottish family in which DISC 1 and 

20 DISC2 are disrupted may be atypical of other families and individuals affected by 
neuropsychiatric disorders such as schizophrenia, (see, Millar et ai. Human Molecular 
Genetics 2000, 9:1415-1 423). In particular, underlying genetic defects in DISC 1 and DISC2 
which are associated with neuropsychiatric disorders in other families or individuals are, 
most likely, different from the translocation observed for the particular Scottish family 

25 described by Millar et al 

There continues to exist, therefore, a need to identify specific genetic defects, 
mutations and polymorphisms that are associated with neuropsychiatric disorders such as 
schizophrenia, schizoaffective disorder, bipolar affective disorder, unipolar affective disorder 
and adolescent conduct disorder. 




I here further exists a need for compositions and methods to treat and 'or 
diagnose these and other neuropsychiatric disorders, e.i^.. by identifying and correcting 
specific genetic defects, mutations and polymorphisms that are associated with such 
neuropsychiatric disorders. 
5 There also continues to exist a need to identify specific genetic defects, 

mutations, and polymorphisms of the genes DISCI and DISC2 that are associated with 
neuropsychiatric disorders such as schizophrenia, schizoaffective disorder, bipolar affectiv e 
disorder, unipolar affective disorder and adolescent conduct disorder. 

There further exists a need for compositions and methods to treat and/or 
1 0 diagnose these and other neuropsychiatric disorders using speci fic genetic defects, mutations 
and polymorphisms of the genes DISCI and DISC2. 



3. SUMMARY OF THE INVENTIO N 

The present invention overcomes these and other problems m the art by 
15 providing novel compositions and methods that may be used to diagnose and treat a 
neuropsychiatric disorder such as. but not limited to, schizophrenia, schizoaffective disorder, 
bipolar affective disorder, unipolar affective disorder and adolescent conduct disorder. Fot 
example, in one embodiment the invention provides novel nucleic acid molecules which are 
associated with a neuropsychiatric disorder. These novel nucleic acid molecules are ones 
20 that correspond to genes known in the art as "Disrupted-in-Schizophrenia 1 " (DISCI ) and 
"Disrupted-in-Schizophrenia 2*' (D1SC2), respectively. Ihe novel nucleic acid molecules 
of the invention are ones which contain one or more polymorphisms or variant nucleic acid 
sequences that are associated with a neuropsychiatric disorder such as schizophrenia, 
schizoaffective disorder, bipolar affective disorder, unipolar affective disorder and adolescent 
25 disorder. In preferred embodiments the one or more polymorphisms or variant nucleic acid 
sequences comprise one or more single nucleotide polymorphisms (SNPs). 

VoY example, in one embodiment the invention provides a nucleic acid 
molecule comprising the nucleotide sequence set forth in FIGS. lA-C (SHQ ID NO:) ) and 
containing one or more single nucleotide polymorphisms. In one specific aspect of this 
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or mnrt- of the nucleotide substitutions 
en.bodin.ent.thenucleot.dese^uencecon.pr.seso.n.orn.oreotthe 

• ....Fv.mnles m/ra. In another embodiment, the invention 
set forth in TABLE 5 shown in the Examples, mp 

TABLE , *own in ,he Kxa.p.s. .,n,. a,- c„„.a,ni„. o„e o. nu.e s.„. nuOeou. 
lo.H..s.>„aspec„-.as,c,or.,.e„*od,„,e„U.e™,c.eo.iae.,.e„ceco.pn 

Thei„ve„lona.oproviacs,e„=prod„c.s.ha,a.e„c„deUby,heD,SC,ana 

p^viaes a po,yp.p>;de Havin. ..e a„,.o ac. se,u.„ce ..own ■„ F.O . . HQ N 

,,.^..en. .he po.pepUae co.pnse. .he a™,no ac. sequence .o.n 
.0:2, wUK one or n,ore of .he spec,.". a.,no acd .hs.i,u.,ons se. .onh .n 

shown in .he Examples, mfm. 

The invention addUionally provides an.,bod,cs .he spechcally bmd 

.Li:.ha,speUh.„d.oa.i,pep.,dehav,n«.hea„rinoae.»^^^^^^^^^ 
no 2 (SEQ iD NO., and one or more of .he speeific amino aeid s„hs.„u.,„„s .e. fon m 
Tre^r^B Shown in .he E.amp.es, .n a pan.cuiar, preferred aspec. of .h,s 

;„,vidua, who have a nenropsychia.ric d.sorder or who have a propensi.y . a 
: ropsyehia.rie d.sorder, ,n one emhodimen., .he ,nve„.,on provides a me.ho .0 
L an ,na,vidaa, who has a ncnropsych.a.rie disorder or a propens-.y ,or 
lp;yet,a.r,ed,s derhy.^^^^^^^ 

the oresence of one the specific DISC 1 or uis^^ 

ol ion of .he speci,-,c D,SC, or D,SC2 nne.eic acid moieenie in .he hioio.ea, samp e 
ns.heindi,dna,asonewhohasaneur„psych,a.r,cd,sorderorw.ohasapr„pens,.y 

ra lps>ch,a.r,c disorder, in one e.empiary. aspee. of .hi. embodimen.. .he nncie.e 
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acia,„o,cc„,cae,ec.disa„uc,.cac,..o,cc,.,cc pns,„g.,.sc^.cncose,ror,h.F.CS. 

,A c (SFQ ID NO:!) and having on= or more „f the nudool.de subsmu.ions se, iorth ,„ 
TABLE 6A shown in .he Kxa,np,c. in ano,he.e.o„,p,ar, aspec. or,h. e„,bod,,.cn, 

„enae,eicacicin,o,ecn,edc,ec.edisanacle,cac^dn,o,eea,eeo,npr,.ngase.uencese,ec,e 
. Utose se, forth In TABLE 3 sho.n n, .he Hxan,p,es. „„n.. and having one or more o. 

,he nucleo.ide subs.i.u.ions se. ror.h in TABLE 5 shown in ,he Exanrples. ,»/™. 

,na„al.crna.ivee„,bodi,nen...heinven.ionprovidesan,e,h„dr„r,den.,ty,n8 

an i„div,dna, who has a nenropsych.a.ric disorder or a propensi.y for a ncuropsycb.a.nc 
d,sorder b, de.ee.ing. in a bioio.ca, san,pU, ob.aincd frorr, an indivrdaah ,he p.sence of a 
,„ specine D,SC, or D,SC2 ,ene produc. (. , a pol.vpep.ide, of .he .nven.ion. De.ec„„„ o 
L specific DISC , or DISC2 .ene produc, in ,he b.olo.ica. sanrpie iden.ir.es ,he .nd.v.daa, 
as one who has a „europs,ch,a.ric d.sorder or who has a propensi.y for a „earopsych,a.r,c 
border, ,n one parrrcniar aspec, of .hi, e,nhod,.en.. .he .ene produc, de.ec.ed .s a 
p„,vpcp.ide con,pris,n. ,he a.ino acid sequence se. fonh in E.G. 2 and hav.ng one or nrore 
, , of ,he a.iuo acd subsu.u.ions se. forrh . TABLE 6B, shown in ,he B.an,p,es. n 
o.her. exemplary, aspecs of .his c,nbodi.e„,. .he poi.pepnde is de.ec.ed by eon.ac.,n. o 
,-„e b,o,o.icai sanrple, an an.rbody .ha. specf.caiiy binds ,o ,he po,,ep.,de. and de.eCn. 
,l,e brnding of .his an.ibody !o .he polypeptide in .he sample^ 

l_nplFF nr^^rRIPTlON OF THEDRAWINGS 
FIGS. lA-C se.s for.h .he nucieo.ide sequence of .he hu,nan DISCI cDNA 
,SEQ ID N0:1) eiven in CenBank Accession No^ AF222980.1 .01:8163868). 

FIG 2 shows .he prediced amino acid sequence ,SEQ ID N0:2, encoded 
,5 by .he hunran DISC 1 cDN A se. fo«h in F.CS. , A-C .SEQ ,D NO: 1 ). Anrino acid res.dues 
of ,he prediced DISC, poiypep.ide which are predic.ed .o forn, a-helices are under ned^ 
whereas a predic.ed .lobular do.ain of.he DISC, poiypep.ide ,s ind,ca.ed by bold-faced 
„pe Al.erna.ively spliced anrino acd resrdnes of.he DISC 1 polypepnde are nal.czed. 
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FIGS. 3A-(; sets ibrth the partial nucleotide sequence of the human D1SC2 
cDNA given ,n GenBank Accession No. AF222981 (Gl:8163870) and presented, here. u. 
SEQ ID NO: 3. 

FIG. 4 describes primer sequences (SEQ ID NOS: 44-127) for identitying 
and/or amplifying the DISC 1 and/or DISC2 polymorphisms of the mvention (.see Example 

3, infra). 

5^DElAlLEDJ)ESCRLPTiQN 

^^^^^^^^^^^^^^^^ to a gene known as Disrupted-ln-Schizophrenia 

1 or DISC 1 (GenBank Access.on No. AF222980; GI:8 1 63868) and to its gene product. The 
inventionalsorelatestoagene known asDisrupted-ln-Schizophrenia2orDISC2(GenBank 

Accession No AF222981; Gl:8163870). Both DISCI and D1SC2 have been prev.ously 
described. See. tn particular, Millar al. . Human Molecular Genetics 2000, 9: 141 5-1 423. 

The DISC 1 cDN A sequence (SFQ ID NO: 1 ) is set forth here in FIGS. 1 A-C. 
The complete cDNA sequence comprises a sequence of 6913 nucleotides (nucleotides 1- 
69 , 3 of SEQ ID NO: I) and a poly(A) tail. The sequence further comprises a protein codmg 
sequence 2565 nucleotides in length that begins with the ATG codon at nucleotide posU.on 
54 in FIGS. lA-C (SEQ ID N0:1) and ends at the STOP codon located at position 2616 m 
FIGS I A-C (SEQ IDN0:1). The DISCI cDNA sequence set forth in FIGS. lA-C and m 
SEQ ID NO- 1 also contains a 3--untranslated region (UTR) of about 4294 nucleotides that 
begms after the STOP codon of the protein coding sequence i.e., at about nucleot.de 
position 2619 in SEQ ID N0:1). A common splice variant of the DISCI cDNA sequence 
depicted in FIGS. lA-C and in SEQ ID N0:1 is also known to exist. This splice variant 
comprises a sequence which is essentially identical to the DISCI cDNA sequence set forth 
in FIGS. I A-C and in SEQ ID NO: 1 . except that the nucleotide sequence corresponding to 
nucleotide positions 2295-2360 is omitted from this splice variant. 

The coding sequence of the DISCI cDNA set forth in FIGS. lA-C and .n 
SEQ ID N0:1 encodes a predicted DISCI polypeptide having the amino acid sequence 
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shown in FIG. 2 and set forth in SHQ ID N():2. Ihis DISCI polypeptide may be divided 
into at least two regions of distinct secondary structure. The first reg.on. which is also 
referred to as the N-terminal region, comprises approximately amino acid residues 1 -347 of 
SHQ ID NO: 1 and has been predicted to comprise at least one globular domain. The second 
region of secondary structure is also referred to as the C-terminal domain and comprises 
approximately amino acid residues 348-854 of SEQ ID N0:2. The C-terminal comprises at 
least three a-helix regions which are indicated by bold underlining in FIG. 2. These a- 
helices correspond to approximately amino acid residues 367-394. 452-500 and 602-630 of 
SEQ ID N0:2. It is understood that the a-helices contained in the DISCI C-terminal region 
may interact with each other to form coiled coil structures. It is understood that the 
nucleotide and amino acid residue positions specified to delineate all regions and domains 
of the DISCI gene and gene products are approximate. 

As noted above., a splice variant of the DISCI cDNA sequence set forth in 
FIGS. I A-C (SEQ ID NO: 1 ) is also known to exist. This DISC 1 splice variant is predicted 
to encoded a polypeptide sequence that is essentially identical to tiie DISC' 1 polypeptide set 
forth in FIG. 2 (SEQ ID N0:2). However, the sequence corresponding to amino acid 
residues 748-768 of SEQ ID NO:2 is omitted from this DISCI polypeptide splice variant. 

The complete genomic DNA sequence for DISCI has not been produced, 
However, the complete sequence may be partially represented by partial genomic sequences, 
provided herein in TABLE 3 (see, E.xamples, infra and SEQ ID NO: 4) The DISCI 
genomic sequence comprises at least thirteen exons, which may be transcribed and spliced 
together to form a DISC 1 mRN A. The boundaries of these exons/introns and their location 
in the partial genomic sequences are provided in TABLE 4 (see. Examples, infra, and SEQ 
IDNOS: 5-32). 

A partial DISC2 cDNA sequence (GenBank Accession No. AF22298I, 
01:8163870) is set forth in FIGS. 3A-G (SEQ ID NO-3). The genomic sequence of the 
human DISC2 gene is believed to overlap on human chromosome 1 with the sequence for 
DISCI, but is transcribed in the opposite direction. The DISC2 cDNA set forth in FIGS. 
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3A-C (Sl-Q 11) NC):3) is not predicted to encode . DISC2 polypeptide or protein. Rather. 
DISC2 IS thought to be a non-protein coding gene for a structural RNA. 

The present invention relates, in particular, to noN el variants of the DISC 1 and 
DIS^ nucleic acids, mclud.ng novel mutants, allelic variants and polymorphisms of full 
length DISCI and D1SC2 nucle.c acids. Such variants include DISCI and D1SC2 nucle.c 
acids which have one or more nucleic acid substitutions, insertions or deletions. In a 
preferred embodiment, the DISCI and DISC2 nucleic acids of the invention are ones that 
have a single nucleotide polymorphism (SNP). Such SNPs include smgle base insertions, 
deletions and substitutions. In particularly preferred embodimems, the variant DISCI and 
DISC2 nucleic acids of the invention are ones having a mutations or polymorphism which 
correlates with a neuropsychiatnc disorder such as schizophrenia, schizoaffective disorder, 
bipolar disorder, unipolar affective disorder and adolescent conduct disorder. For example, 
preferred polymorphisms of the DISCI and DISC2 nucleic acids of the invention are 
described in the E.xamples. mfra. including ones that correlate to neuropsychiatnc disorders 
such as schizophrenia, schizoaffective disorder, bipolar disorder, unipolar affective disorder 

and adolescent conduct disorder. 

The present invention also relates to fragments of lull length DISCI and 
DISC2 nucleic acid sequences. For example, in preferred embodiments the DISCI and 
DISC2 nucleic acid fragments of the invention comprise nucleotide sequences that 
correspond to at least 10 nucleotides, preferably at least 15 nucleotides, more preferably at 
least ^0 nucleotides and still more preferably at least 25 nucleotides of a tuU length DISC 1 
or D1SC2 nucleic acid sequence (e.,., of the DISCI and D1SC2 nucleic acid sequences set 
forth in FIGS. lA-C and in FIGS. 3A-G. respectively, and in SEQ ID N0S:1 and 3). In 
other prefeired embodiments, the DISC 1 and DISC2 nucleic acid fragments of the invention 
comprise sequences of at least 10. preferably at least 1 5. more preferably at least 20 and still 
..ore preferably at least 25 nucleotides that hybridize, under conditions defined in detail 
below (e.g. . for oligonucleotide molecules), to a full length DISC 1 or DISC2 sequence (for 
example, to one of the DISCI or DISC2 sequences set forth in FIGS. lA-C and in FIGS. 
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,A-G. respocivoly. and i„ SLQ .1. NOS:, and ..r u, complomc, ofa mil Ic.g.l- 

DISCI or DISC2 sequence. 

Such DISCI and DISt2 nucleic acd fragments may bo used in the methods 
„f the tnvention, . to diagnose and/or Tea, a nenr„psychiatr,c disorder such as 
schizophrenia. schi»a.Tec„ve dtsorder. h.polar dtsorder. un.polar alTeCive disor^r an 
adolescent conduct disorder. Accordingly, in a prelerred emhodiment DISCI and D SC _ 
nucleic acid IVagmentsof the tnvention comprise nueleot.de se,uencesora, leas, ,0. a, leas, 
, 5 at least ^0 or at least 25 nucleotides wh.ch comprise at least one polymorphtc sequence 
of'a DISCI or D1SC2 nucleic acd. such as one o, the DISCI or DISC2 polymorph.c 
sequences descr.bcd in the Examples, i.fn.. In another preferred embodrment. DISC 1 and 
DISC2nucleieacidfragmen,softheinven,io„maycomprisenucleotidesequeneesofa,leas, 

,0 at'least 15, a. least 20 or at least 25 nucleotides that specifically hybridize, under 
cond,.,onsde.-,„edindetailbe,ow,e,,.foro!ig«nucleo,ides,toaDlSCIorD,SC2sequence 

,„r its comptaent, tha, contains at least one polymorph.sm. such as one of the DISCI or 
DISC2 polymorphisms described in the li.xamples. /n/ra 



20 



S-XDefinitions. 
used in this specification generally have the.r ordi.,a,y meanings 
and in the specific conlex, where each term is 

used certain tenms are discussed below, or elsew^here in the speetficalion, to provide 
additional gu,dance,o,heprac.,.io„erindescribing.hedevicesandme.hods„f,he,nvent,o„ 

and how to make and use them. 



The terms 

in the art, within the context of this invention 



25 



Gpneral de finitions 
The term "neuropsychiatric disorder", which may also be referred lo as a 

generally characterized by one or more breakdowns in .he adaptation process. Such 
disorders are therefore expressed primarily in abnormalities of though,, feeling and/or 
behavior producing ei.her distress or impairment of function „ c. impairment o. mental 
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function such with dementia or sen.lity ). Currenth . ind. iduals may be evaluated for var.ous 
neuropsvchiatric disorders usmg criteria set tbnh in the most recent version of the Amer.can 
Psvchiatric Association's Diagnostic and Statistical Manual of Mental Health (DSM-IV). 

Exemplary neuropsychiatnc disorders include, but are not limited to. 
schizophrenia, attention deficit disorder (ADD), schizoaffective disorder, bipolar affective 
disorder, unipolar affective disorder, and adolescent conduct disorder. 

As used herein, the term "isolated" means that the referenced material is 
removed from the environment in which it is normally found. Thus, an isolated biological 
material can be free of cellular components, i e . components of the cells in which the 
n^atenal is found or produced. In the case of nucleic acid molecules, an isolated nucleic acid 
includes a PCR product, an isolated mRNA. a cDNA. or a restriction fragment. In another 
embodiment, an isolated nucleic acid is preferably excised from the chromosome in which 
it may be found, and more preferably is no longer joined to non-regulatory, non-coding 
regions, or to other genes, located upstream or downstream of the gene contained by the 
isolated nucleic acid molecule when found in the chromosome. In yet another embodiment, 
the isolated nucleic acid lacks one or more introns. Isolated nucleic acid molecules inCude 
sequences inserted into plasm.ds. cosmids. artificial chromosomes, and the like. Thus, m a 
specific embodiment, a recombinant nucleic acid is an isolated nucleic acid. An isolated 
protein may be associated with other proteins or nucleic acids, or both, with which it 
associates in the cell, or with cellular membranes if it is a membrane-associated protein. An 
isolated organelle, cell, or tissue is removed from the anatomical site in which it is found in 
an organism. An isolated material may be. but need not be. purified. 

The term "purified" as used herein refers to material that has been isolated 
under conditions that reduce or eliminate the presence of unrelated materials. 
contaminants, including native materials from which the material is obtained. For example, 
a purified protein is preferably substantially free of other proteins or nucleic acids with which 
it is associated in a cell; a purified nucleic acid molecule is preferably substantially free of 
proteins or other unrelated nucleic acid molecules with which it can be found within a cell. 
As used herein, the term "substantially free" is used operationally, in the context of analytical 
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testing of the material. FreferahU , purified material substantially free of contaminants is at 
least 5()"o pure: more preferably, at least 90% pure, and more preferably still at least 99% 
pure. Purity can be evaluated by chromatograph\ , gel electrophoresis, immunoassay, 
composition analysis, biological assay, and other methods known in the art. 
5 Methods for purification are well-known in the art. For example, nucleic 

acids can be purified by precipitation, chromatography (including preparative solid phase 
chromatography, oligonucleotide hybridization, and triple helix chromatography), 
ultracentrifugation, and other means. Polypeptides and proteins can be purified by various 
methods including, without limitation, preparative disc-gel electrophoiesis, isoelectric 

10 focusing. HPLC, reversed-phase HPLC, gel filtration, ion exchange and partition 
chromatography, precipitation and salting-out chromatography, extraction, and 
countercurrent distribution. For some purposes, it is preferable to produce the polypeptide 
in a recombinant system in which the protein contains an additional sequence tag that 
facilitates purification, such as, but not limited to. a polyhisiidine sequence, or a sequence 

1 5 that specifically binds to an antibody, such as FL AC) and (iST. The polypeptide can then be 
purified from a crude lysate of the host cell by chromatography on an appropriate solid-phase 
matrix. Alternatively, antibodies produced against the protein or against peptides derived 
therefrom can be used as purification reagents Cells can be purified by various techniques, 
including centrifugation, matrix separation (e.g.. nylon wool separation), panning and other 

20 immunoselection techniques, depletion (e.g . complement depletion of contaminating cells), 
and cell sorting (e.g.. fiuorescence activated cell sorting [FACSj). Other purification 
methods are possible. A purified material may contain less than about 50%, preferably less 
than about 75%, and most preferably less than about 90%. of the cellular components with 
which it was originally associated. The "substantially pure" indicates the highest degree of 

25 purity which can be achieved using conventional purification techniques known in the art. 

A "sample" as used herein refers to a biological material which can be tested 
for the presence of DISCI or DISC2 polypeptides, or for the presence of DISCI or DISC2 
nucleic acids, e.g.. to evaluate a gene therapy or expression in a transgenic animal or to 
identify cells that express DISC 1 or DISC2. Such samples can be obtained from any source. 



including tissue, blood and blood cells, including circulating hematopoietic stem cells (for 
possible detection of protein or nucleic acids), plural effusions, cerebrospinal tluid (C'Sl^ 
ascites tluid. and cell culture. In a preferred embodiment, samples are obtained from brain 
tissue or from other tissues of the nervous system. 
5 Non-human animals include, without limitation, laboratory animals such as 

mice, rats, rabbits, hamsters, guinea pigs, etc.: domestic animals such as dogs and cats; and. 
farm animals such as sheep, goats, pigs, horses, and cows, and especially such animals made 
transgenic with human DISCI or D1SC2. 

In preferred embodiments, the terms "about" and "approximately" shall 
10 generally mean an acceptable degree of error for the quantity measured given the nature or 
precision of the measurements. Typical, exemplary degrees of error are within 20 percent 
(%), preferably within 10%, and more preferably within 5% of a given value or range of 
values. Alternatively, and particularly in biological systems, the terms "about" and 
"approximately" may mean values that are within an order of magnitude, preferably within 
1 5 5-fold and more preferably within 2-fold of a given \ alue. Numerical quantises given herein 
are approximate unless stated otherwise, meaning that the term 'about" or "approximately" 
can be inferred when not expressly stated. 

The term "aberrant" or "abnormal", as applied herein refers to an activitv or 
feature which differs from fa) a normal or activity or feature, or (b) an activity or feature 
20 which is w ithin normal variations of a standard value. 

For example, an "abnormal" activity of a gene or protein such as the DISC 1 
or D1SC2 gene or protein refers to an activity which differs from the activity of the wild-type 
or native gene or protein, or which differs from the activity of the gene or protein in a healthy 
subject, c.i^.. a subject not aftlicted with a disease associated with a specific allelic variant 
25 of a DISCI or DISC2 polymorphism. An activity of a gene includes, for instance, the 
transcriptional activity of the gene w hich may result from, c\}^. . an aberrant promoter activity. 
Such an abnormal transcriptional activity can result, e.g.. from one or more mutations in a 
promoter region, such as in a regulatory element thereof. An abnormal transcriptional 
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activ Uy can also result from a mutation ,n a transcnption factor involved in the control of 

oene expression. 

An activity of a protein can he aberrant because it is stronger than the activity 
of its natne counterpart. Alternatively, an activity can be aberrant because it is weaker or 
5 absent related to the aet.vity of Us native counterpart. An aberrant activity can also be a 
change in an activity. For example an aberrant protein can interact with a different proten. 
relative to its native counterpart. A cell can have an aberrant activity due to overexpress.on 
or underexpressionofthe gene encoding DISCI or DISC2. An aberrant DISCI or D1SC2 
activity can result, e.g. . from a mutation in the gene, which results, e.,., tn lower or h.gher 
10 binding affinity of a ligand or substrate to the protein encoded by the mutated gene. 

The term "molecule" means any distinct or distinguishable structural unit of 
rnatter comprising one or more atoms, and includes, for example, polypeptides and 
polynucleotides. 

In accordance with the present invention, there may be en>ployed 
conventional molecular biology, microbiology and recombinant DNA techniques within the 
skill of the art. Such teehmques are explained fully in the literature. See. tor example. 
Sambrook. Fitsch & Maniatis. Molecular Clornng: A Lahoratory Manual. Second Edition 
20 (1989) Cold Spring Harbor Laboratory Press. Cold Spring Harbor. New York (referred to 
herein as "Sambrook et a/., 1989"); DNA Cloning: A Practical Approach. Volumes I and 
11 (DN Glover ed. 1985): Oligonucleo,ide Synthesis (M.i. Gan cd. 1984); Nucleic Acid 
Hvhruli^anon (B.D. Hames & S.J. Higgins. eds. 1 984); Aninu.l Cell Culture (R.I. Freshney . 
ed 1986); Inmomi.ed Cells and Enzymes (IRL Press. 1986); B.H. Perbal. A Practical 
25 Cnnde to Molecular Cloning (1984); F.M. Ausubel et al. (eds.). C^.rent Protocols in 
Molecular Biology. John Wiley & Sons. Inc. (1994). 

The term "polymer" means any substance or compound that is composed of 
two or more building blocks ('mers') that are repetitively linked together. For example, a 
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"d,„Kr" is a compound in which mo building blocks have been jonKd tog.hcr: a ".rnm-r 
is a compound in which three building blocks have been joined together: c,c 

The tenn ■■polvnucleolide" or "nuclete acid molecule" as used hereto relers 
toapolymericntolcculehavingabackbonethatsttpponsbasescapableorhydrogenbotrding 

,0 typical polynucleotides, wherein the polymer backbone presents the bases in a manner to 
permit such hydrogen bonding in a specific fashion between the polymeric molecule and a 
typical polynucleotide (ex., single-stranded DNA). Such bases are typically mostne. 
adenosine.guanosinecy,osine.uraci,and.hymidine,Polymericmoleculesinclude"doublc 

strtrnded" and -single stranded" DNA and RN A, as well as backbone modifications thereot 
0 (for example, methylphosphonate linkages). 

Thus a -polvnucleotide" or "nucletc acid" sequence is a scries of nucleot.de 

bases (also called "nucleotides",, generally in DNA and RN A. and means any chain oftwo 
„rmorenueleotides.Anueleotide sequence IVe,uentlycarnesgeneticinfo™ati„n.,nc,ud,ng 

the information used by eelfolar machinery ,o make proteins and enzymes. Ihe ten.s 
5 include genomic DNA. cDNA. RNA. any synthetic and genetically ntantpulated 
polynucleotide, and both sense and antisense polynucleotides. This includes single- and 
double-stranded molecules: U . DNA-DNA. DNA-RNA. and RNA-RNA hybrtds as well 
as "protein nucleic acids" tPNA) IbrtBcd by conjugating bases to an amino actd backbone. 
This also includes nucleic acids containing modified bases, for example, thio-uracl. ,h,o- 

90 guanine and fluoro-uracil. 

The polynucleofides herein may be flanked by natural regulatory sequences, 
or , nay be associated with heterologous sequences, including promoters, enhancers, response 
elements, signal sequences, polyadenylation sequences, introns. 5'- and 3'-n„n-cod.ng 
regtons and the like. The nucleic acids may also be modified by many means known ,n the 
,5 ar, Non-limiting examples of sueh modifications include me.hylation. "caps", subshtu.ton 
of one or more of the naturally occurring nucleotides with an analog, and internucleofide 
modificafions such as. for example, those with uncharged linkages (c, . methyl 
phosphonates. phosphotriesters. phosphoroamidates. carbamates, e,c , and w,.h charged 
linka-e, (c phosphorothioatcs. phosphorodithioates. cc ). Polynucleotides may contatn 




one or more additional co\alcntly linked moieties, sueh as proteins (c.^.. nucleases, toxins, 
antibodies, signal peptides. poly-L-lysine. etc ), intercalators (ca^.. acridine, psoralen, etc. ). 
chelators (c^^i:., metals, radioactive metals, iron, oxidativ e metals, e/c. ) andalkylators to name 
a few. The polynucleotides may be derivatized by formation of a methyl or ethyl 
5 phosphotriester or an alkyl phosphoramidite linkage, furthermore, the polynucleotides 
herein may also be modified with a label capable of providing a detectable signal, either 
directly or indirectly. Exemplary labels include radioisotopes, fluorescent molecules, biotin 
and the like. Other non-limiting examples of modification which may be made are provided, 
below, in the description of the present invention. 

1 0 A "polypeptide" is a chain of chemical building blocks called amino acids that 

are linked together by chemical bonds called "peptide bonds'*, fhe term "protein" refers to 
pol> peptides that contain the amino acid residues encoded by a gene or by a nucleic acid 
molecule (e.f^. , an mRN A or a cDN A) transcribed from that gene either directly or indirectly. 
Optionally, a protein may lack certain amino acid residues that are encoded by a gene or by 

1 5 an mRNA. I or example, a gene or mRNA molecule may encode a sequence of amino acid 
residues on the N-terminus of a protein [i.e.. a signal sequence) that is cleaved from, and 
therefore may not be part of, the final protein, A protein or polypeptide, including an 
enzyme, may be a "native" or "wild-type", meaning that it occurs in nature: or it may be a 
"mutant", "variant" or "modified", meaning that it has been made, altered, derived, or is in 

20 some way different or changed from a native protein or from another mutant. 

A "ligand" is, broadly speaking, any molecule that binds to another molecule. 
In preferred embodiments, the ligand is either a soluble molecule or the smaller of the two 
molecules or both The other molecule is referred to as a "receptor". In preferred 
embodiments, both a ligand and its receptor are molecules (preferably proteins or 

25 polypeptides) produced by cells. In particularly preferred embodiments, a ligand is a soluble 
molecule and the receptor is an integral membrane protein (i.e., a protein expressed on the 
surface of a cell). However, the distinction between which molecule is the ligand and which 
is the receptor may be an arbitrary one. 
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1 he binding of a ligand to its receptor is frequently a step in signal 
transduction within a cell. Hxemptary ligand-reeeptor interactions include, but are not 
limited to, binding of a hormone to a hormone receptor ( for example, the binding of estrogen 
to the estrogen receptor) and the binding of a neurotransmitter to a receptor on the surface 
5 of a neuron. 

"Amplification" of a polynucleotide, as used herein, denotes the use of 
polymerase chain reaction (PGR) to increase the concentration of a particular DN A sequence 
within a mixture of DNA sequences. For a description of PCR see Saiki et al. , Science 1 988, 
239:487, 

1 0 "Chemical sequencing" of DNA denotes methods such as that of Maxam and 

Gilbert (Maxam-Gilbert sequencing; see Maxam & Gilbert, Proc. Natl. Acad. Sci. U.S.A. 

1977, 74:560), in which DNA is cleaved using individual base-specific reactions. 

"Enzymatic sequencing" of DNA denotes methods such as that of Sanger 

(Sanger et al.. Proc. Natl. Acad Sci. IJ.SA. 1977. 74:5463) and variations thereof well 
1 5 known in the art, in a single-stranded DNA is copied and randomly terminated using DNA 

polymerase, 

A "gene" is a sequence of nucleotides which code for a functional "gene 
product". Generally, a gene product is a functional protein. However, a gene product can 
also be another type of molecule in a cell, such as an RNA {e.g.. a tRNA or a rRNA). For 

20 example, the gene D1SC2, described supra, is not known to encode any particular protein 
and, rather, is believed encode a structural RNA molecule instead (see Millar et al. , Human 
Molecular Genetics 2000, 9:1415-1423). For the purposes of the present invention, a gene 
also refers to an mRNA sequence which may be found in a cell. For example, measuring 
gene expression levels according to the invention may correspond to measuring mRNA 

25 levels. A gene may also comprise regulatory (/.e , non-coding) sequences as well as coding 
sequences. Exemplary regulatory sequences include promoter sequences, which determine, 
for example, the conditions under which the gene is expressed. The transcribed region of the 
gene may also include untranslated regions including introns, a 5'-untranslated region (5'- 
Ul R) and a 3'-untranslated region (3'-UTR). 




A "coding sequence" or a sequence "encoding" and expression product, such 
as a RNA, polypeptide, protein or enzyme, is a nucleotide sequence that, when expressed, 
results in the production of that RNA, polypeptide, protein or enzyme; i.e.. the nucleotide 
sequence "encodes" that RNA or it encodes the amino acid sequence for that polypeptide, 
5 protein or enzyme. 

A "promoter sequence" is a DNA regulatory region capable of binding RNA 
polymerase in a cell and initiation transcription of a downstream {3' direction) coding 
sequence. For purposes of defining the present invention, the promoter sequence is bounded 
at its 3' terminus by the transcription initiation site and extends upstream (5' direction) to 
1 0 include the minimum number of bases or elements necessary to initiate transcription at levels 
detectable above background. Within the promoter sequence will be found a transcription 
initiation site (conveniently found, for example, by mapping with nuclease SI), as well as 
protem binding domiains (consensus sequences) responsible for the binding of RNA 
polymerase. 

15 A coding sequence is "under the control of or is "operatively associated 

with" transcriptional and translational control sequences in a cell when RNA polymerase 
transcribes the coding sequence into RNA, which is then trans-RNA spliced (if it contains 
introns) and, if the sequence encodes a protein, is translated into that protein. 

The term "express" and "expression" means allowing or causing the 

20 information in a gene or DNA sequence to become manifest, for example producing RNA 
(such as rRNA or mRNA) or a protein by activating the cellular Inunctions involved in 
transcription and translation of a corresponding gene or DNA sequence. A DNA sequence 
is expressed by a cell to form an "expression product" such as an RNA (e.g.. a mRNA or a 
rRNA) or a protein. The expression product itself, e.g.. the resulting RNA or protein, may 

25 also said to be "expressed" by the cell. 

The term "transfection" means the introduction of a foreign nucleic acid into 
a cell. The term "transformation" means the introduction of a "foreign" (i.e.. extrinsic or 
extracellular) gene, DNA or RNA sequence into a host cell so that the host cell will express 
the introduced gene or sequence to produce a desired substance, in this invention typically 
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an RNA coded by the introduced gene or sequence, but also a protein or an enzyme coded 
bv' the introduced gene or sequence. The introduced gene or sequence may also be called a 
"cloned" or "foreign" gene or sequence, may include regulatory or control sequences (c.i,'.. 
start, stop, promoter, signal, secretion or other sequences used by a cell's genetic machinery ). 
5 The gene or sequence may include nonfunctional sequences or sequences with no known 
function. A host cell that receives and expresses introduced DNA or RNA has been 
"transformed" and is a "transformant" or a "clone". The DNA or RNA introduced to a host 
cell can come from any source, including cells of the same genus or species as the host cell 
or cells of a different genus or species. 
10 The terms "vector", "cloning vector" and "expression vector" mean the 

vehicle by which a DNA or RNA sequence (e.g., a foreign gene) can be introduced into a 
host cell so as to transform the host and promote expression {e.g.. transcription and 
translation) of the introduced .sequence. Vectors may include plasmids. phages, viruses, etc 
and are discussed in greater detail below. 
1 5 A "cassette" refers to a DNA coding sequence or segment of DNA that codes 

for an expression product that can be inserted into a vector at defined restriction sites. The 
cassette restriction sites are designed to ensure Insertion of the cassette in the proper reading 
frame. Generally, foreign DNA is inserted at one or more restriction sites of the v/ector 
DNA, and then is carried by the vector into a host cell along with the transmissible vector 
20 DNA. A segment or sequence of DNA having inserted or added DNA. such as an expression 
vector, can also be called a "DNA construct." A common type of vector is a "plasmid". 
which generally is a self-contained molecule of double-stranded DNA, usually of bacterial 
origin, that can readily accept additional (foreign) DNA and which can readily introduced 
into a suitable host cell. A large number of vectors, including plasmid and fungal vectors. 
25 have been described for replication and/or expression in a variety of eukaryotic and 
prokaryotic hosts. 

The term "host cell" means any cell of any organism that is selected, modified, 
transformed, grow n or used or manipulated in any way for the production of a substance by 
the cell. For example, a host cell may be one that is manipulated to express a particular 
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gene, a DNA or RNA sequenee, a protein or an enzyme. I lost eells ean further be used tor 
sereening or other assays that are described infra. Host cells may be cultured in vitro or one 
or more cells in a non-human animal [e.^.. a transgenic animal or a transiently transtected 
animal). 

5 The term "expression system" means a host cell and compatible vector under 

suitable conditions, e.g. for the expression of a protein coded for by foreign DNA carried by 
the vector and introduced to the host cell. Common expression systems include E. coli host 
cells and plasmid vectors, insect host cells such as Sf5. Hi5 or S2 cells and Baculovirus 
vectors, Drosophila cells (Schneider cells) and expression systems, and mammalian host 

10 cells and vectors. For example, DISCI and/or DISC2 may be expressed in PC 12, COS-1, 
or C.C,2 cells. Other suitable cells include CI 10 cells. HeLa cells, 2Q3T (human kidney 
cells), mouse primary myoblasts, and NIH 313 cells. 

The term "heterologous" refers to a combination of elements not naturally 
occurring. For example, the present invention includes chimeric RNA molecules that 

15 comprise an rRNA sequence and a heterologous RNA sequence which is not part of the 
rRNA sequence. In this context, the heterologous RNA sequence refers to an RNA sequence 
that is not naturally located within the ribosomal RNA sequence. Alternatively, the 
heterologous RNA sequence may be naturally located within the ribosomal RNA sequence, 
but is found at a location in the rRNA sequence where it does not naturally occur. As 

20 another example, heterologous DNA refers to DNA that is not naturally located in the cell, 
or in a chromosomal site of the cell. Preferably, heterologous DNA includes a gene foreign 
to the cell. A heterologous expression regulatory element is a regulatory element operatively 
associated with a different gene that the one it is operatively associated with in nature. 

An "allele" refers to any one of a series of two or more genes that occupy the 

25 same position or locus on a chromosome. Generally, alleles refer to different forms of a gene 
that differ by at least one nucleic acid residue. Thus, as used here, the terms "allele" and 
"allelic variant" re fen not only to different forms of genomic sequences, but may also refer 
to different forms of sequences that are encoded by or otherwise derived from allelic variants 
of the genomic sequence. For example, the term allelic variant may refer to niRNA 
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sequences that are encoded by allelic variants of a genomic sequence, or to cDNA sequences 
that are derived from such variant mRNA sequences. As it is used herein, the term allelic 
variant can also refer to protein or polypeptides sequences which are derived from (c^^i,^, 
encoded by) allelic variants of a particular gene. 
5 Allelic variants are usually described by comparing their nucleotide or ( in the 

case of variant polypeptides) amino acid sequences to a common "wild-type" or "reference" 
sequence. Thus, a "wild-type" or "reference" allele of a gene refers to that allele of a gene 
having a genomic sequence designated as the wild-type sequence and/or encoding a 
polypeptide having an amino acid sequence that is also designated as a wild-type sequence. 

10 The wild-type allele may be arbitrarily selected from any of the different alleles that may 
exist for a particular gene. However, the allele is most typically selected to be the allele 
which is most prevalent in a population of individuals. Thus, for example, the wild-type 
DISCI and 2 genomic sequences have been arbitrarily selected, here, as the genomic 
sequence deposited in GenBank (Accession No. Al 222980, UI No. 8163868; and 

15 AF222981, GI No. 8163870; DISC 1 and 2. respectively) and set forth here in SEQ ID 
N0S:1 and 3. 

The term "polymorphism" refers, generally, to the coexistence of more than 
one form of a gene {e.g.. more than one allele) within a population of individuals. The 
different alleles may differ at one or more positions of their nucleic acid sequences, which 
20 are referred to herein as "polymorphic locuses". When used herein to describe polypeptides 
that are encoded by different alleles of a gene, the term "polymorphic locus" also refers to 
the positions in an amino acid sequence that differ among variant polypeptides encoded by 
different alleles. 

The polymorphisms of the present invention include "single nucleotide 
25 polymorphisms" (SNPs) and microsatellite repeats. I he term SNP refers to a polymorphic 
site occupied by a single nucleotide, which is the site of variation between allelic sequences. 
Typically, the polymorphic site of an SNP is Hanked by highly conserved sequences {e.g.. 
sequences that vary in lees than 1/100 and, more preferably, in less than 1/1000 individuals 
in a population). The polymorphic locus of an SNP may be a single base deletion, a single 



base insertion, or a single base substitution. Single base substitutions are partieularly 
pre 1 erred. 

A "microsatellite repeat" or "microsatellite". as the term is used herein, refers 
to a short sequence ofrepeating nucleotides within a nucleic acid. Typically, a microsatellite 
5 repeat comprises a repeating sequence of two {i.e.. a dinucleotide repeat), three (i.e.. a 
trinucleotide repeat), four (/. c^ , a tetranucleotide repeat) or five (/. e. , a pentanucleotide repeat) 
nucleotides. Microsalellites of the invention therefore have ihe general formula (Nj, N., . . 
. N^),, wherein N represents a nucleic acid residue (e.g.. adenine, thymine, cylosine or 
guanine), / represents the number of the last nucleotide in the n^icrosatellite, and n represents 

1 0 the number of times the motif is repeated in the microsatellite locus. In one embodiment the 
number of nucleotides in a microsatellite motif (/) is about six, preferably between two and 
five, and more preferably two, three or four. The total number of repeats (n) in a 
microsatellite repeat may be, e.g , from one to about 60, preferably from 4 to 40, and more 
preferably from 10 to 30 when / - 2; is preferably between about 4-23, and more preferably 

1 5 between about 6-22 when / - 3: and is preferably between about 4-15, and more preferably 
between about 5-10 when / - 4. A DISCI and/or DISC2 nucleic acid of the invention may 
comprise any microsatellite repeat of the above general lormula. However, the following 
motifs are particularly preferred: CA, TC. and, AATTCi; as well as all complements and 
permutations of such motifs (for example, TG, GA, and CAATl 

20 The term "locus" refers to a specific position on a chromosome. For example, 

the locus of a DISCI and/or D1SC2 gene refers to the chromosomal position of that gene. 

The term "linkage" refers to the tendency of genes, alleles, loci or genetic 
markers to be inherited together as a result of their location on the same chromosome. 
Linkage may be measured, e.g.. by the percent recombination between two genes, alleles, 

25 loci or genetic markers. 

The terms "mutant" and "mutation" mean any detectable change in genetic 
material, e.g.. DNA, or any process, mechanism or resuh of such a change. This includes 
gene mutations, in which the structure (e.g.. DNA sequence) of a gene is altered, any gene 
or DNA arising from any mutation process, and any expression product {e.g.. RNA, protein 



or en/yme) expressed by a modified gene or DNA sequence. I he term "variant" may also 
be used to indicate a modified or altered gene. DNA sequence. RNA. en/yme. cell. etc. : i.e. . 

any kind of mutant. 

"Sequence-conservative variants" of a polynucleotide sequence are those in 

5 which a change of one or more nucleotides in a given codon position results in no alteration 
in the amino acid encoded at that position. 

"Function-conservative variants" of a polypeptide or polynucleotide are those 
in which a given amino acid residue in the polypeptide, or the amino acid residue encoded 
by a codon of the polynucleotide, has been changed or altered without altering the overall 

1 0 conformation and function of the polypeptide. For example, function-conservative variants 
may include, but are not limited to. replacement of an amino acid with one having similar 
properties (for example, polarity, hydrogen bonding potential, acidic, basic, hydrophobic, 
aromatic and the like). Amino acid residues with similar properties are well known in the 
art. For example, the amino acid residues arginine, histidine and lysine are hydrophilic. basic 

1 5 amino acid residues and may therefore be interchangeable. Similar, the amino acid residue 
isoleucine, which is a hydrophobic amino acid residue, may be replaced with leucine, 
methionine or valine. Such changes are expected to have little or no effect on the apparent 
molecular weight or isoelectric point of the polypeptide. Amino acid residues other than 
those indicated as conserved may also differ in a protein or enzyme so that the percent 

20 protein or amino acid sequence similarity {e.g. , percent identity or homology) between any 
two proteins of similar function may vary and may be, for example, from 70% to 99% as 
determined according to an alignment scheme such as the Cluster Method, wherein similarity 
is based on the MEGALIGN algorithm. "Function-conservative variants" of a given 
polypeptide also include polypeptides that have at least 60% amino acid sequence identity 

25 to the given polypeptide as determined, e.g., by the BLAST or FAS FA algorithms. 
Preferably, function-conservative variants of a given polypeptide have at least 75%, more 
preferably at least 85% and still more preferably at least 90% amino acid sequence identity 
to the given polypeptide and. preferably, also have the same or substantially similar 



properties (e.i^.. of moleeular weight and/or isoeleetrie point) or funetions (c }^., biologieal 
functions or activities) as the native or parent polypeptide to which it is compared. 

I he term "homologous", in all its grammatical forms and spelling variations, 
refers to the relationship between two proteins that possess a "common evolutionary origin". 
5 including proteins from superfamilies (e.^. . the immunoglobulin superfamily ) in the same 
species of organism, as well as homologous proteins from different species of organism (for 
example, myosin light chain polypeptide, elc: see. Reeck ct ai. Cell 1987. 50:667). Such 
proteins (and their encoding nucleic acids) have sequence homology, as retlected by their 
sequence similarity, whether in terms of percent identity or by the presence of specific 
1 0 residues or motifs and conserved positions. 

The term "sequence similarity", in ail its grammatical forms, refers to the 
degree of identity or correspondence between nucleic acid or amino acid sequences that may 
or may not share a common evolutionary origina (see, Reeck et ai, supra). However, in 
common usage and in the instant application, the term -homologous", when modified with 
1 5 an adverb such as "highly", may refer to sequence similarity and may or may nor relate to 
a common evolutionary origin. 

In specific embodiments, two nucleic acid sequences are "substantially 
homologous" or "substantial!) similar" when at least about 80%, and more preferably at least 
about 90% or at least about 95% of the nucleotides match over a defined length of the nucleic 
20 acid sequences, as determined by a sequence comparison algorithm known such as BLAST. 
FASTA, DNA Strider. CLUSTAL, elc. An example of such a sequence is an allelic or 
species variant of the specific genes of the present invention. Sequences that are 
substantially homologous may also be identified by hybridization, e.g.. in a Southern 
hybridization experiment under, eg. stringent conditions as defined for that particular 
25 system. 

Similarly, in particular embodiments of the invention, two amino acid 
sequences are "substantially homologous" or "substantially similar" when greater than 80% 
of the amino acid residues are identical, or when greater than about 90% of the amino acid 
residues are similar (/.c^. are functionally identical). Preferably the similar or homologous 
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polypeptide sequenees are identified by alignment using, for example, the CiCCi (Cienetics 
Computer Clroup. Program Manual for the GCCi Package. Version \ Madison Wisconsin) 
pileup program, or using any of the programs and algorithms described above (e.^. . BL AS 1 . 

FASTA. CLUSTAL, t'/c ). 

5 As used herein, the term "oligonucleotide" refers to a nucleic acid, generally 

of at least 10. preferably at least 1 5. and more preferably at least 20 nucleotides, preferably 
no more than 100 nucleotides, that is hybridi/able to a genomic DNA molecule, a cDNA 
molecule, or an mRNA molecule encoding a gene. mRNA. cDNA, or other nucleic acid of 
interest. Oligonucleotides can be labeled, c^ ^^.. wiih '^F-nucleotides or nucleotides to which 

10 a label, such as biotin or a fluorescent dye (for example. Cy3 or Cy5) has been covalently 
conjugated. In one embodiment, a labeled oligonucleotide can be used as a probe to detect 
the presence of a nucleic acid. In another embodiment, oligonucleotides (one or both of 
which may be labeled) can be used as PGR primers, either for cloning full length or a 
fragment of DISC I or DISC2. or to detect the presence of nucleic acids encodmg DISC 1 or 

1 5 DISC2. In a further embodiment, an oligonucleotide of the invention can form a triple helix 
with a DISCI DNA molecule or with a D1SC2 DNA molecule. Generally, oligonucleotides 
are prepared synthetically, preferably on a nucleic acid .synthesizer. Accordingly, 
oligonucleotides can be prepared with non-naturally occurring phosphoe.ster analog bonds, 

such as thioester bonds, etc. 

20 The present invention provides antisense nucleic acids (including ribozymes), 

which may be used to inhibit expression of a DISCI or a DISC2 gene or their respective 
gene products. An "antisense nucleic acid" is a single stranded nucleic acid molecule which, 
on hybridizing under cytoplasmic conditions with complementary bases in an RNA or DNA 
molecule, inhibits the latter's role. If the RNA is a messenger RNA transcript, the antisense 

25 nucleic acid is a countertranscript or mRNA-interfering complementary nucleic acid. As 
presently used, "antisense" broadly includes RNA-RNA interactions. RNA-DNA 
interactions, triple helix interactions, ribozymes and RNase-H mediated arrest. Antisense 
nucleic acid molecules can be encoded by a recombinant gene for expression in a cell (e.i^. , 
U.S. Patent No. 5.8 1 4.500; U.S. Patent No. 5.8 1 1 .234). or alternatively they can be prepared 



synthetically(c'..i^.. U.S. Patent No.5.78().607). Other specific examples of antisense nucleic 

acid molecules of the invention are provided infra. 

Specific non-Hmiting examples of synthetic oligonucleotides envisioned for 
this invention include, in addition to the nucleic acid moieties described above. 
5 oligonucleotides that contain phosphorothioates. phosphotriesters. methyl phosphonates. 
short chain alkyl. or cyeloalkyl intersugar linkages or short chain heteroatomic or 
heterocyclic intersugar linkages. Most preferred arc those with CH^-NH-O-CH,. CH,- 
N(CHo'-0-Clk CH,-0-N(CH3)-CH, CH,-NrCH.)-N(CH-,)-CH: and 0-N(CHO-CH,-CH: 
backbones (where phosphodiester is 0-PO,-()-CfK). US Patent No 5.677.437 describes 
1 0 heteroaromatic olignucieoside linkages. Nitrogen linkers or groups containing nitrogen can 
also be used to prepare oligonucleotide mimics (U.S Patents Nos. 5.792.844 and 5,783.682). 
US Patent No. 5.637.684 describes phosphoramidate and phosphorothioamidate oligomeric 
compounds. Also envisioned are oligonucleotides having morpholmo backbone structures 
(U.S. Pat. No. 5.034.506). In othe.- embodiments, such as the pcptide-nucleic acid (PNA) 
15 backbone, the phosphodiester backbone of the oligonucleotide may be replaced with a 
polvamide backbone, the bases being bound directly or Indirectly to the aza nitrogen atoms 
of 'che polyamide backbone (Nielsen el aL Science 254:14Q7, 19Q1). Other synthetic 
oligonucleotides may contain substituted sugar moieties c.M'nprising one of the following at 
the 2' position: OH, SH, SCH3, F. OCN, 0(CH3)„Nfl: or 0(CH,,„CH3 where n is from 1 to 
10 about 10: C, to C,,, lower alkyl, substituted lower alkyl. alkaryl or aralkyl; CI; Br; CN; CF;,; 
OCF3; 0-; S-, or N-alkyl; 0-, S-. or N-alkcnyl; SOCH, ; SO.CH,; 0N0,N0,; N, NH,; 
heterocycloalkyl; heterocycloalkaryl; amiaoalkylamino; polyalkylamino; substitued silyl; 
a fluorescein moiety; an RN A cleaving group; a reporter group; an intercalator; a group for 
improving the pharmacokinetic properties of an oligonucleotide; or a group for improving 
25 the pharmacodynamic properties of an oligonucleotide, and other substituents having similar 
properties. Oligonucleotides may also have sugar mimetics such as cyclobutyls or other 
carbocyclics in place of the pentofuranosyl group. Nucleotide units having nucleosides other 
than adenosine, cy tidine. guanosine, thymidine and uridine, such as inosine, may be used in 
an oligonucleotide molecule. 
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A nucleic acid molecule is "hybridi/ablc" lo anolher nucleic acid nwlccule. 
such as a cDNA. Benomie DMA. or RN A. wheu a siugle stranded Ibrn, or.he nuclcc acid 
molecule can anneal .0 ,l,e other nucleic acid molecule under the appropriate condi.rons „1 
tenrperattrre and solution ionic strength («e Sambrook e, „/ . supra, The conddrons „l 
temperattrre and ronic strength determine the -stringency of the hybridi«,on. For 
preliminarv screemng for homologous nucleic acids, low stringency hybridizat.on 
conditions, corresponding to a T„(melting temperature) ofSS C. can be used. . g,. ^x SSt. 
0 1% SDS. 0.25% milk, and no formamide; or 30% formamide. 5x SSC. 0.5% SDS). 
Moderate stringency hybridization conditions correspond ,0 a higher T,. . 40% 
formamide. with 5x or 6x SCC. High stringency hybridization conditions correspond to the 
h,ghestT„. c ... 50% formamide. 5x or 6x SCC SCC is aO.I5M NaCI . 0.01 5M Na-ertra.e. 
Hybridization requirestha, thetwo nucleic acidscontain complementary sequences, although 

depending on the stringency of the hybridization, mismatches between bases are poss.ble. 
The appropriate stringency for hybridizmg nucleic acidsdepends on the length of the nuclerc 
acids and the degree of complementation, variables well known in the art. T he greater the 
degree of s.milartty or homology between two nucleotide sequences, the greater the y-alue 
of T for hybrids of nucleic acids having those sequences. The relative stabthty 
-eorrlsponding to higher T J of nucletc acid hybridizanons decreases in the fbllowtng order: 
RNARNA.UNA:RNA.DNA:DNA.ForhybridsofgreaterthanlOOnucleot,desmleng.h. 

equations for calculattng T„ have been derived (see Sambrook e, .,/, . suprc. 9.50-9.5 1 ). For 
hvbridization w,.h shorter nucleic acids, /.e., oligonucleotides, the position of mismatches 
becomesmore important, and the length of theoligonucleotide determines its specihcuy ( ve. 
Sambrook e, c,l . supra. 1 1 .7-1 1 .8). A minimum length for a hybridizable nuclerc acd ,s a. 
leas, about 1 0 nucleoudes; preferably at leas, about 1 5 nucleolides: and more preferably ,he 

length is at least about 20 nucleotides. 

In a specific embodiment, the term " standard hybridization conditions" refers 
to a T of 55 =C. and utilizes conditions as set forth above. In a preferred embodiment, the 
T„ is Io=C: in a more preferred embodiment, the T„ is 65 >C. In a specific embodiment, 
"high stringency" refers to hybridization and/or washing conditions at 68 = C in 0.2XSSC. at 



42 C in 50% formamidc. 4XSSC, or under condilions that afford levels ot~ hybridization 
equivalent to those observed under either of these two conditions. 

Suitable hybridization conditions for oligonucleotides (t^i,'.. for 
oligonucleotide probes or primers) are typically somewhat different than for full-length 

5 nucleic acids (e.i^.. full-length cDNA), because of the oligonucleotides' lower melting 
temperature. Because the melting temperature of oligonucleotides will depend on the length 
of the oligonucleotide sequences involved, suitable hybridization temperatures will vary 
depending upon the oligoncucleotide molecules used. Exemplary temperatures may be 37 ''C 
(for 14-base oligonucleotides), 48 T (for I7-base oligoncucleotides). 55 "C (for 20-base 

10 oligonucleotides) and 60 T (for 23-base oligonucleotides). Exemplary suitable 
hybridization conditions for oligonucleotides include washing in bx SSC/0.05% sodium 
pyrophosphate, or other conditions that afford equivalent levels of hybridization. 

5. 2 DISC I and DlSr2 Nucleic Acids 

15 The DISCI and DISC2 nucleic acid molecules of the mvention are defined 

above, and include DNA and RNA molecules as well as nucleic acid molecules comprising 
anv of the modifications (e g , modified bases and/or backbone) described supra. 



DISCI 

20 With respect, first, to DISCI nucleic acids, a DISCI nucleic acid molecule 

comprises a nucleic acid sequence that encodes a DISCI polypeptide (described in detail, 
infra), the complement of a nucleic acid sequence that encodes a DISCI polypeptide, and 
fragments thereof. Thus, in one preferred embodiment a DISCI nucleic acid molecules of 
the invention comprises nucleotide sequences that encode the amino acid sequence set forth 

25 in FIG. 2 (SEQ ID N0:2). such as the nucleotide sequence set forth in FIGS. lA-C (SEQ 
ID N0;1) and. in particular, the nucleotide sequence of positions 54-2616 of the sequence 
set forth in FIGS. 1A-C(SEQIDN0:I). In another preferred embodiment, a DISCI nucleic 
acid molecule of the invention comprises a nucleic acid sequence that encodes a splice 
variant of the DISCI polypeptide set forth in FIG. 2 and in SEQ ID N0:2. For example, a 
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DISCI nucleic acid molecule ot the invention may encode a DISCI polypeptide that is 
essentially identical to the DISC 1 polypeptide sequence set forth in FKi. 2 (SHQ ID N():2 ), 
except that the amino acid residues corresponding to positions 748-768 of SHQ ID NO:2 are 
omitted. In a preferred aspect of this embodiment, the DISCI nucleic acid molecule 
5 comprises a coding sequence that is essentially identical to the coding sequence set forth m 
FIGS. 1 A-C (SEQ ID NO: I ) except that the sequence corresponding to nucleotide positions 
2295-2360 is omitted. 

Alternatively, a DISCI nucleic acid molecule of the invention may encode 
one or more exons of a DISCM gene product. For example, in one embodmient a DISCM 

1 0 nucleic acid molecule of the invention may encode the sequence of amino acid residues 768- 
768 of the sequence set forth in FIG. 2 (SEQ ID N0:2). In a preferred aspect of the 
embodiment, the DISCI nucleic acid molecule comprises the sequence of nucleotide 
positions 2295-2360 of the sequence set forth in FIGS. 1 A-C (SEQ ID NO: I ). 

In other embodiments, fJlSCI nucleic acid molecules of the mvention 

1 5 comprise a nucleotide sequence that encodes one or more dom.ains of a DISC 1 polypeptide. 
For example, a DISCI nucleic acid molecule of the invention may encode an N-terminal 
domain of a DISCI pol> peptide {e.^., amino acid residues 1-247 of SEQ ID NO. 2). a C- 
terminal domain of a DISCI polypeptide {e.g.. amino acid residues 348-854 of SEQ ID 
N0:2), one or more u-helix domains of a DISC 1 polypeptide (e.g. , amino acid residues 367- 

20 394, 452-500 or 602-630 of SEQ ID N0:2), a coiled-coil domain of a DISCI polypeptide 
(e.g.. mo or more a-helix domain of a DISCI polypeptide and, optionally, the intervening 
amino acid residues; for example, in a preferred embodiment the coiled-coil domain 
comprises amino acid residues 367-630 of SEQ ID N0:2), or a globular domain of a DISC 1 
polypeptide. 

25 In another, preferred embodiment, a DISCI nucleic acid molecule of the 

invention is one which comprises a nucleotide sequence selected from the sequences set forth 
in TABLE 3 shown in the Examples, infrcL or a portion thereof. For example, a DISCI 
nucleic acid molecule of the invention may also be a nucleic acid molecule comprising the 
sequence for one or more introns indicated in the DISCI genomic sequences set forth in 



TABLE 3; for one or more exons. delineated in TABLK 4. infn,. of the DISCI genomic 
sequences in TABLE 3: for the 5'-promoter region comprised in one or more of the genomic 
sequence set forth in TABLE 3. or a combination of one or more of the individual exons. 
introns and/or the 5'-promoter region from the DISCI genomic sequence set forth in 
5 TABLE 3 

In other embodiments. DISCI nucleic acid molecules of the invention 
comprise a nucleotide sequence which encodes one or more domains of a DISCI 
polypeptide. For example, a DISCI nucleic acid molecule of the invention may encode an 
N-terminal domain of a DISCI polypeptide (t^.s,'.. amino acid residues 1-347 of SliQ ID 
10 N0:2). a C-terminal domain of a DISC I polypeptide (e,t,'.. amino acid residues 348-854 of 
SEQ ID N0:2). one or more a-helix domains of a DISCI polypeptide (e.g., amino acid 
residues 367-394. 452-500 or 602-630 of SEQ ID N0:2) or a globular domain of a DISC I 
polypeptide. 

The DISC I nucleic acid molecules of the present invention may also comprise 
1 5 a nucleic acid sequence that encodes one or more fragments {e.g.. an epitope; of a DISC 1 
polypeptide. 

The DISCI nucleic acid molecules of the present invention also include 
nucleic acid molecules that comprise modified or variant DISCI nucleic acid sequences, 
including DISCI nucleic acid molecules that have one or more nucleic acid insertions. 

20 substitutions, deletions or truncations. Such modified and variant DISCI nucleic acid 
molecules includes ones that comprise coding sequences for modified DISCI polypeptides 
(t'.^,'.. having amino acid substitutions, deletions or truncations) and for variants (including 
analogs and homologs from the same and different species of organism) of DISCI 
polypeptides. In preferred embodiments, such nucleic acid molecules have at least 50%. 

25 preferably at least 75% and more preferably at least 90% sequence identity to a DISCI 
coding nucleotide sequence such as the coding sequence comprising nucleotide positions 54 
through 2616 of the sequence set forth in FIGS. lA-C (SEQ ID N0:1). 

Preferably, the modified or variant DISCI nucleic acid molecules of the 
invention comprise sequence modifications or variations that correlate with a 
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neuropsychialric disorder, such as schizophrenia, schi/oaffective disorder, bipolar aftective 
disorder, unipolar affective disorder and adolescent conduct disorder. Particularly preferred 
variant DISCI nucleic acids include those described in the Examples, infra. 

As used here, the term "homologous", in all its grammatical forms and 
spelling variations, refers to the relationship between nucleic acids, and the proteins or gene 
products they encode, that are understood to possess a "common evolutionary origina". 
including genes and proteins from supertamilies (for example, the immunoglobulin 
superfamily) and homologous proteins and nucleic acids (c.^i^. . genes) from different species. 
See. for example. Reeck et al. Cell 1987. 50:667. Corresponding nucleic acid molecules 
{e.^. . genes) and proteins from different species are referred to as "orthologs." Homologous 
and orthologous proteins, and their encoding nucleic acids, have sequence homology which 
is reflected by their sequence similarity. Such sequence similarity may be indicated, for 
example, by the percem of sequence similarity {e ^. . a percentage of nucleotide or amino acid 
sequence identity or homology), or by the presence of certain nucleotides or certain amino 
1 5 acid residues and conserved positions, or by the presence of specific "sequence motifs" (i.e. . 
specific sequences of nucleotides or amino acid residues) at conserved positions. 

The term "sequence similarity", in all its grammatical forms, refers to the 
degree of identity or correspondence between nucleotide or amino acid sequences. Except 
as otherwise noted herein, the term "homologous" refers merely to sequence similarity and 
20 does not necessarily relate to a common evolutionary origm 

In specific embodiments, two polypeptide sequences are "substantially 
homologous" or "substantially similar" when the polypeptides are at least 35-40% similar 
as determined by one of the algorithms disclosed herein. Preferably, two polypeptides are 
substantially homologous when the polypeptides are at least about 60%. and more preferably 
25 at least about 90 or 95% similar in one or more highly conserved domains or. for alleles, 
across the emire amino acid sequence. Two nucleic acid sequences are "substantially 
homologous" or "substantially similar" when the polypeptides they encode are substantially 
homologous, as defined above. Alternatively, two nucleic acid sequences may be 
"substantially homologous" or "substantially similar" if their nucleotide sequences are. 
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themselves, at least about 35-40% similar, preferably at least about 60% similar and more 
preferably at least about 90 to 95% similar, as determined by one of the algorithms disclosed 
herein. 

Sequence comparison algorithms that may be used to compare amino acid or 
5 nucleic acid sequences include the BI.ASl algorithms (e.^.. BLASTP. BLASTN and 
BLASTX). FASTA. DNA Strider. the GCG (Genetics Computer Group. Program Manual 
for the GCG Package. Version ^, Madison. Wisconsin) pileup program, etc. Unless 
otherwise stated, all sequence comparisons referred to herein are done using the default 
parameters provided with these algorithms 
,0 In one embodiment, the homologous DISCI nucleic acids of the invention 

(including, e.g.. DISCI analogs or variams) encode functionally similar molecules (i.e.. 
molecules that perform one or more DISCI functions or have one or more DISCI 
bioactivities). Thus, in a specific embodiment, an analog or variant of a DISC 1 polypeptide 
is a function-conservative variant. "Function-conservative variants" of a polypeptide are 
1 5 those in which a given amino acid residue of the polypeptide has been changed without 
altering the overall conformatior. and/or function (e.g. . bioactivity ) of the polypeptide. Such 
changes include, but are not limited to. replacement of an amino acid with one having similar 
properties; such as similar properties of polarity, hydrogen bonding potential, acidity, 
alkalinity, hydrophobicity. aromaticity and the like. For example and not by way of 
20 limitation, arginine. histidine and lysine or hydrophilic-basic amino acids and may be 
interchangeable. Similarly, isoleucine, a hydrophobic amino acid, may be replaced with 
leucine, methionine or valine. Such changes are expected to have little or no effect on the 
apparent molecular weight or isoelectric point of the protein or polypeptide. 

In another embodiment, the homologous DISC 1 nucleic acids of the invention 
25 (including, e.g. . DISC 1 analogs or variants) are sequence conservative variants. "Sequence- 
conservative variants" of a nucleic acid are ones that have a different polynucleotide 
sequence but encode the same amino acid sequence. 

In preferred embodiments, the homologous DISCI nucleic acids of the 
invention (including, e.g.. DISCI analogs or variants) are ones which are associated with a 
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ncuropsychiatric disorder, such as schizophrenia. schi/oatTeclive disorder, bipolar aflective 
disorder, unipolar aft"ecti\ e disorder and adolescent conduct disorder. 

Examples of homologous DISCI nucleic acids include allelic or species 
variants of the DISCI nucleic acid sequence set forth in FIGS. lA-C (SLQ ID NO:i). 
5 Preferred examples of such homologous sequences include the particular variants set forth 

in the Hxamples, infra. 

Alternatively. DISCI nucleic acid molecules of the invention may also be 

ones that hybridi/e to the complement of another DISCI nucleic acid molecules (e.g., in a 

Southern blot assay) under any of the hybridization conditions defined in this apocification. 
10 In a particular embodiment, a DISCI nucleic acid molecule of the invention comprises a 

nucleotide sequence which hybridizes to the complement of a DISC I nucleic acid sequence, 

such as the sequence set forth in FIGS. 1 A-C (SEQ ID NO: I ) or a portion thereof, under 

highly stringent hybridization conditions that comprise 50% formamide and 5X or 6X SSC. 

In other embodiments, the nucleic acid molecule of the invention hybridizes to a complement 
1 5 of a DISC 1 nucleic acid sequence (e.g . the sequence set forth in FIGS. I A-C and in SHQ 

ID N():l. or a portion thereof) under moderately stringent hybridization conditions (e.g.. 

40% formamide vv ith 5X or 6X SSC ). or under low stringency hybridization conditions {e g . 

in 5X SSC. 0. 1% SDS, 0.25% mile, no formamide, 30% formamid, 5X SSC or 0.5% SDS). 

Particularly preferred hybridization conditions comprise hybridization at 42 T in a low 
20 stringency hybridization buffer 30% formamide. 10 mM Tris pH 7.6. 2.5X Denhardt's 

solution, 5X SSC, 0.5% SDS and 1.5 mg/ml sonicated salmon sperm DNA) followed by 

washing (preferably twice) at 50 °C using a low stringency washing buffer (t ^f., 0.5X SSC 

and 1%SDS). 

In other embodiments, the DISCI nucleic acid molecules of the invention 
25 comprise fragments of a full length DISCI sequence. For example, in preferred 
embodiments such DISCI nucleic acid fragments comprise a nucleotide sequence that 
corresponds to a sequence of at least 1 0 nucleotides, preferably at least 1 5 nucleotides, more 
preferably at least 20 nucleotides and still more preferably at least 25 nucleotides of the full 
length DISCI nucleotide sequence. In specific embodiments, the fragments correspond to 



a portion (c}^.. of at least 10. 15. 20 or 25 nucleotides) of the DISCI sequence set forth ui 
FICiS. lA-C (Sl-Q ID N():l ) or of another nucleotide sequence encoding the polypeptide 
sequence set forth in FIG. 2 (Sl-Q ID N0:2). In another embodiment, the fragments 
correspond to a portion (e.^.. of at least 10. 15. 20. or 25 nucleotides) of a variant DISCI 
5 sequence, such as a DISCI sequence having a polymorphism. For example, in preferred 
embodiments such fragments may comprise one or more of the polymorphisms described 

in the Examples, infra. 

In other preferred embodiments, the DISCI micleic acid fragments of the 

invention comprise sequence of at least 10. preferably at least 15. more preferably at least 
10 20 and still more preferably at least 25 nucleotides that are complementary to and/or 

hybridize to a full length DISC 1 nucleic acid sequence {e.g. . the sequence set forth in FIGS. 

1 A-C and in SEQ ID NO: 1 ) or to a portion thereof. In preferred embodiments, the nucleic 

acid fragments are complementary to a variant DISC I nucleic acid sequence O'ov example. 

any of the variant sequences described in the Examples, infrc) and/or specifically hybridize 
15 to such a variant DISCI nucleic acid sequence. More preferably, the nucleic acid fragments 

of the invention are fragmems which specifically hybridi./e to a variant DISC 1 nucleic acid 

sequence and dojiol hybiridze to a regular or wild-type DISCI sequence under the same. 

defined conditions. 

Suitable hybridization conditions for such oligonucleotides are described 
20 supra, and include washing in 6X SSC/0.05% sodium pyrophosphate. Because the melting 
temperature of oligonucleotides will generally depend on the length of the oligonucleotide 
sequence, suitable hybridization temperatures may be expected to vary depending upon the 
oligonucleotide molecule used. Exemplary temperatures include 37 T (for 14-base 
oligonucleotides). 48 °C ( for 1 7-base oligonucleotides). 55 "C ( for 20-base oligonucleotides) 
25 and 60 "C i;for 23 or 25-base oligoncueltodies). 

The DISCI nucleic acid molecules of the invention also include "chimeric" 
DISCI nucleic acids. Such chimeric nucleic acid molecules are polynucleotides which 
comprise at least one DISC I nucleic acid sequence, and also at least one non-DlSC 1 nucleic 
acid sequence. The DISCI nucleic acid sequence contained in a chimeric DISCI nucleic 
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acid molecule may be any of the vvild-lype. variant or polymorphic full length DISCI 
sequences described here above, or may be any portion thereof (for example, a portion 
encoding a particular domain or containing a particular polymorphism). The non-DlSCl 
nucleic acid sequence may be. for example, a regulatory sequence (e.g., a promoter 

5 sequence) that is derived from another. non-DlSC 1 gene and is not normally associated with 
a naturally occurring DISCI gene. The non-DlSCI nucleic acid sequence may also be a 
coding sequence for another. non-DlSCI polypeptide such as a FLA(}. a histidine tag. 
glutathione S-transferase (GS f). hemaglutinin, [3-galactosidase. Green Fluorescent Protein 
(GPP), thioreductase or an immunoglobuhn protein. In preferred embodiments, a chimeric 

1 0 nucleic acid molecule of the invention encodes a DISCI fusion polypeptide of the invention 
(described below). 

DISC2 

The DISC2 gene, as described supra, is a gene on human chromosome 1 
1 5 which overlaps with, but is transcribed in the opposite direction of the human DISC 1 gene 

described above. Unlike DISCM. D1SC2 nucleic acids are not believed to encode 

polypeptides but. rather, encode a structural RNA gene product. 

In preferred embodiments, a DISC2 nucleic acid molecule of the invention 

comprises the nucleotide sequence set forth in FIGS. 3A-G (SEQ ID N0:3), or a portion or 
20 fragment thereof. In another preferred embodiment, a D1SC2 nucleic acid molecule of the 

mvention may be a splice variant of the DISC2 sequence set forth in FIGS. 3A-G (SEQ ID 

N0:3). For example, DISC2 transcripts of at least 9.5 kb, and of approximately 6, 3 and 

2.5 kb have been detected in heart tissue (see, Millar et al. , Human Molecular Genetics 2000. 

9:141 5-1425). Such transcripts are among the D1SC2 nucleic acid molecules of the present 
25 invention and, unless otherwise stated, may be used in any of the compositions and methods 

of the invention which recite use of a DISC2 nucleic acid. 

The DISC2 nucleic acids of the present invention also include nucleic acid 

molecules that comprise modified or variant DISC2 nucleic acid sequences, including DISC2 

sequences that have on or more nucleic acid insertions, substitutions, deletions or 
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truncations. Such variant [)1SC2 nucleic acids may be. for example, analogs or homologs 
of a I)1SC2 nucleic acid in the same or in different species of organism. In preferred 
embodiments, such sequences hav e at least 50%. preferably at least 75% and more preferably 
at least 90% sequence identity to a D1SC2 nucleotide sequence, such as the one set forth in 
FIGS. 3A-G (SHQ ID N0:3). fhe meanings of the terms "homologous" and "sequence 
identity" are as defined, supra, for DISCI nucleic acid sequences of the invention. 

In preferred embodiments, the modified or variant D1SC2 nucleotide 
sequences are ones which are associated with a neuropsychiatric disorder such as 
schizophrenia, schizoaffective disorder, bipolar affective disorder, unipolar disorder and 
adolescent conduct disorder. Variant DISCI nucleotides are described in the E.xamples. 
infra. Although specific D1SC2 polymorphisms are not explicitly identified herein, the 
similarities between DISCI and D1SC2 enables a skilled artisan to pracfice the invention 
with respect to DISC2 based on the specific information provided for DISCI . 

Alternatively. DISC2 nucleic acid molecules of the invention may also be 
1 5 ..)nes that hybridize to the complement of another DISC2 nucleic acid molecules (e.g. , in d 
Southern blot assay) under any of the hybridization conditions defined in this apetification. 
In a particular embodiment, a DISC2 nucleic acid molecule of the invention comprises f 
nucleotide sequence which hybridizes to the complement of a D1SC2 nucleic acid sequence, 
such as the sequence set forth in FIGS. 3A-G (SEQ ID NO:3) or a portion thereof, under 
20 highly stringent hybridization conditions that comprise 50% formamide and 5X or 6X SSC. 
In other embodiments, the nucleic acid molecule of the invention hybridizes to a complement 
of a DISC2 nucleic acid sequence (e.g.. the sequence set forth in FIGS. 3A-G and in SEQ 
ID N0:3. or a portion thereof) under moderately stringent hybridization conditions (e.g., 
40% formamide with 5X or 6X SSC). or under low stringency hybridization conditions (e.g. , 
25 in 5X SSC, 0.1% SDS, 0.25% mile, no formamide, 30% formamid, 5X SSC or 0.5% SDS). 
Particularly preferred hybridization conditions comprise hybridization at 42 T in a low 
stringency hybridization buffer (e.g. .30% formamide, 10 mM Tris pH 7.6. 2.5X Denhardt's 
solution. 5X SSC. 0.5% SDS and 1.5 mg/ml sonicated salmon sperm DNA) followed by 
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washing (preferably twice) at 50 X' using a low stringency washing buffer (c.i^., ().5X SSC 
and 1%SI)S). 

In other embodiments, the D1SC2 nucleic acid molecules of the in\ ention 
comprise fragments of a full length DISC2 sequence. For example, in preferred 

5 embodiments such OSCAR nucleic acid fragments comprise a nucleotide sequence that 
corresponds to a sequence of at least 10 nucleotides, preferably at least 1 5 nucleotides, more 
preferably at least 20 nucleotides and still more preferably at least 25 nucleotides of the full 
length D1SC2 nucleotide sequence In specific embodiments, the fragments correspond to 
a portion (ca^., of at least 10, 15. 20 or 25 nucleotides) of the D1SC2 sequence set forth in 

10 FIGS.3A-G (SEQ 1DN0:3). in another embodiment, the fragments correspond to a portion 
(e^,'..ofat least 10. 15. 20. or 25 nucleotides) of a variant D1SC2 sequence, such as a DISC2 
sequence having a polymorphism. Variant DISC 1 nucleotide fragments are described in the 
Examples, infra. Again, although specific D1SC2 fragments containing polymorphisms are 
not explicitly identified herein, the similarities between DISC 1 and DISC 2 enables a skilled 

15 artisan to practice the mvention with respect to DISC2 based on the specific information 

provided for DISCI. 

In other preferred embodiments, the DISC 2 nucleic acid fragments of the 
invention comprise sequence of at least 10. preferably at least 1 5. more preferablv at least 
20 and still more preferably at least 25 nucleotides that are complementary to and/or 

20 hybridize to a full length D1SC2 nucleic acid sequence (e.g., the sequence set forth in FIGS. 
3A-G and in SEQ ID N0:3) or to a portion thereof In preferred embodiments, the nucleic 
acid fragments are complementary to a variant DISC2 nucleic acid sequence (for example, 
any of the variant sequences described in the Examples, infra) and/or specifically hybridize 
to such a variant D1SC2 nucleic acid sequence. More preferably, the nucleic acid fragments 

25 of the invention are fragments which specifically hybridize to a variant DISC2 nucleic acid 
sequence and do not hybridize to a regular or wild-type D1SC2 sequence under the same. 

defined conditions. 

Suitable hybridization conditions for such oligonucleotides are described 
supra, and include washing in 6X SSC/0.05% sodium pyrophosphate. Because the melting 
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temperature ofoligonueleotides will generally depend on the length of the oligonucleotide 
sequence, suitable hybridization temperatures may be expected to vary depending upon the 
oligonucleotide molecule used. Exemplary temperatures include 37 "C (for 14-base 
oligonucleotides). 48 (for 1 7-base oligonucleotides). 55 "C (tor20-base oligonucleotides) 

5 and 60 "C ( for 23 or 25-base oligoncueltodies). 

The DISC2 nucleic acid molecules of the invention also include "chimeric" 
DISC'2 nucleic acids. Such chimeric nucleic acid molecules are polynucleotides which 
comprise at least one D1SC2 nucleic acid sequence, and also at least one non-DISC2 nucleic 
acid sequence. The D1SC2 nucleic acid sequence contained in a chimeric DISC'2 nucleic 

10 acid molecule may be any of the wild-type, variant or polymorphic full length DISC2 
sequences described here above, or may be any portion thereof (for example, a portion 
encoding a particular domain or containing a particular polymorphism). The non-DlSC2 
nucleic acid sequence may be. for example, a regulatory sequence (eg., a promoter 
sequence) that is derived from another. non-DISC2 gene and is not normally associated with 

15 a naturally occurring D1SC2 gene. The non-DISC2 nucleic acid sequence may also be a 
ceding sequence for another. non-DlSC2 polypeptide such as a l-L.AG. a histidine tag. 
glutathione S-transferase (GST), hemaglutinin, P-galactosidase, Green Fluorescent Protein 
(GFP), thicreductase or an immunoglobulin protein. 

20 Nucleic acid molecules comprising the above described DISC 1 and DISC2 

fragments are useful, forexample, as oligonucleotide probes and primers (t'.,i,'., PGR primers) 
to detect and amplify other nucleic acid molecules encoding a DISC 1 polypeptide or DISC2 
RNA, including genes that encode variant DISCI polypeptides or D1SC2 RNA such as 
analogs, homologs and variants. Oligonucleotide fragments of the invention may also be 

25 used, e g . as antisense nucleic acids, triple helix forming oligonucleotides or as ribozymes; 
e.g.. to modulate levels of DISCI or DISC2 gene expression or transcription in cells. 

For example, FIG. 4 describes several specific nucleic acids, comprising the 
nucleotide sequences set forth in SEQ ID NOS:44-127. that may be used to amplify regions 
of a DISC 1 or DISC2 gene or genomic sequence as described in the Examples. In particular. 
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these sequences are used in the lixamples to amplify particular segments ot the 1)1 SCM and 
DISC2 genomic sequence set forth in SHQ ID N()S:1 and 3, and identify nucleic acid 
mutations or polymorphisms (including single nucleotide polymorphisms) which correlate 
with and are therefore associated with a neuropsychiatric disorder. The nucleic acids of the 
5 present invention therefore include ones which comprise any of the nucleotide sequences set 
tbrth in FIG. 4, and in SEQ ID NOS:44-127. 

The "primers" and "probes" of the invention are nucleic acid sequence which 
can be used for ampHfying and/or identifying a DISCI or DISC2 gene sequence. Primers 
can be used alone in a detection method, or a primer can be used together with at least one 

10 other primer or probe in a detection method. Primers can also be used to amplify at least a 
portion of a nucleic acid. Probes of the invention refer to nucleic acids which hybridize to 
the region of interest and which are not further extended. For example, a probe is a nucleic 
acid which specifically hybridizes to a polymorphic region of a DISCI or DISC2 gene, and 
which by hybridization or absence of hybridization to the DN A of a subject will be indicative 

15 of the identity of the allelic variant of the polymorphic region of the DISC 1 or DISC2 gene. 
Preferred probes include nucleic acid sequences comprising all or part of any of the nucleic 
acid sequences set forth in TABLE 5B (SEQ ID NOS: 33-43). 

Numerous procedures for determining the nucleotide sequence of a nucleic 
acid molecule, or for determining the presence of mutations in nucleic acid molecules 

20 include a nucleic acid amplification step, which can be carried out by, e.g., the polymerase 
chain reaction (PCR). Accordingly, in one einbodiment, the invention provides primers for 
amplifying portions of a DISCI or DISC2 gene, such as portions of exons and/or portions 
of introns. In a preferred embodiment, the exons and/or sequences adjacent to the exons of 
the human DISCI or DISC2 gene will be amplified to, e.g., detect which allelic variant of 

25 a polymorphic region is present in the DISC 1 or DISC2 gene of a subject. Preferred primers 
comprise a nucleotide sequence complementary a specific allelic variant of a DISCI or 
DISC2 polymorphic region and of sufficient length to selectively hybridize with a DISCI 
or DISC2 gene. In a preferred embodiment, the primer, e.g., a substantially purified 
oligonucleotide, comprises a region having a nucleotide sequence which hybridizes under 
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stringLMit conditions to about 6, 8, 10, or 12, preferably 25, 30. 40. 50, or 75 consecutive 
nucleotides of a DISC 1 or D1SC2 gene. In an even more preferred embodiment, the primer 
is capable of hybridizing to a DISCM or DISC2 nucleotide sequence and has a nucleotide 
sequence of any sequence set forth in any of SI:Q ID NOS:33-127, complements thereof, 
5 allelic variants thereof, or complements of allelic variants thereof, f or example, primers 
comprising a nucleotide sequence of at least about 1 5 consecutive nucleotides, at least about 
25 nucleotides or having from about 15 to about 20 nucleotides set forth in any of SHQ ID 
NOS;33-127, or complement thereof are provided by the invention. Primers having a 
sequence of more than about 25 nucleotides are also within the scope of the invention. 

10 Preferred primers of the invention are primers that can be used in PCR for amplifying each 
of the exons of a DISC I or D1SC2 gene. 

Primers can be complementary to nucleotide sequences located close to each 
other or further apart, depending on the use of the amplified DNA. For example, primers can 
be chosen such that they amplify [)NA fragments of at least about 10 nucleotides or as much 

15 as several kilobases. Preferably, the primers of the invention will hybridize selectively to 
nucleotide sequences located about 150 to about 350 nucleotides apart. 

For amplifying at least a portion of a nucleic acid, a forward primer (ix\, 5* 
primer) and a reverse primer (/ e., 3' primer) will preferably be used. Forward and reverse 
primers hybridize to complementary strands of a double stranded nucleic acid, such that upon 

20 extension from each primer, a double stranded nucleic acid is amplified. Forward and 
reverse primers are shown in FIG. 4 (SEQ ID NOS:44.-127). 

DISC 1 or DISC2 nucleic acid molecules of the mvention, whether genomic 
DNA, cDNA, mRNA or otherwise, can be isolated from any source including, for example, 
cDNA or genomic libraries. Preferably, the cDNA library is a library generated from cells, 

25 tissue or organ, such as brain, which expresses a DISCI or DISC2 gene of the invention. 
Methods for obtaining particular genes {i.e.. DISCI or DISC2 genes and nucleic acids) from 
such libraries are well known in the art, as described above (see, e.g.. Sambrook et a/., 1989, 
supra). 



-40- 




The DNA may be obtained by standard proeedures known in the art from 
cloned DNA ( tor example, from a DNA "library" ), and preferably is obtained from a cDN A 
library prepared from cells or tissue with high level expression of the gene or its gene 
product (for example, from brain cells or tissue). In one embodiment, the DNA may be 
5 obtained from a "subtraction" library to enrich the library for cDNAs of genes specifically 
expressed by a particular cell type or under certain conditions. In still other embodiments, 
a library may be prepared by chemical synthesis, by cDNA cloning, or by the cloning of 
genomic DNA or fragments thereof purified from the desired cell (see, for example, 
Sambrook et cii. 1989, supnt\ Glover, D.M. edl. 1985. DNA Cloning: A Practical 

10 Approach, MRL Press, Ltd., Oxford, U.K. Vols. I and II). 

Clones derived from genomic DNA may C(^ntain regulatory and intron DNA 
regions in addition to coding regions. Clones derived from cDNA generally will not contain 
intron sequences. Whatever the source, the gene is preferably molecularly cloned into a 
suitable vector for propagation of the gene. Identification of the specific DNA fragment 

15 containing the desired DISCI or DISC2 gene may be accomplished in a number of ways. 
For example, a poition of a DISCI or DISC2 gene exemplified infra can be purified and 
labeled to prepare a labeled probe (Benton & Davis, Science 1977, 196:180; Grunstein & 
Hogness, Proc. Natl Acad. Sci. U.S.A. 1975, 72.3961) Those DNA fragments with 
substantial homology to the probe, such as an allelic variant from another individual, will 

20 hybridize thereto. In a specific embodiment, highest stringency hybridization conditions are 
used to identify a homologous DISC) or D1SC2 gene. 

Further selection can be carried out on the basis of properties of the DISCI 
or DISC2 gene product; such as if the gene encodes a protein product having the isoelectric 
electrophoretic, amino acid composition, partial or complete amino acid sequence, antibody 

25 binding activity or ligand binding profile of a DISC 1 polypeptide as disclosed herein. Thus, 
the presence of the gene may be detected by assays based on the physical, chemical, 
immunological or functional properties of its expressed product. 

Other DNA sequences which encode substantially the same amino acid 
sequence as a DISCI gene may be used in the practice of the present invention. These 
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,„cU,clc bu. a,v no, l,m,.cd u, .llclic variants, species variants. seqacKC .onscrvat.o 
and a,„c„o„a, vanan.s. ,n pa.,o„ar. ,ho n.Ccc acd sc^a.Kes 0. 0,0 inve„„„„ 
;„oU,deMh■■,,,,,c,,on-co,,sc.«,vcvaria,,,s^,„a-sc^,,e,,cc-co,,sc,va,iv.va,ian.s^Nu*,c 

acKi s„bs„,u„o„s ,„ay be ™ade. for «a„,p,c. ,o a„er ,hc a„„.o acid ,cs,due ocodod by a 
particular codon. a„d thereby subs,i,i«e an amino acir 
one ui,h a par,icularly prelerred property. 



id sequence in a DISC 1 polypcp,ide Ibr 



10 



15 



p.,i|.-„r f;.,tm< in Dls CLmLBlSCl 

■n,e present invemionalso provides, in prelerred en.bodi.nen,:,. varian, DISC 1 

and D,SC2 nucleic acids including variants vvhicb eontprisc one or more single nucleot.dc 

polvmorphisms (SNPs,, As an example, and no, by .ay of bm.tatron. TABLE 5. 
dis:iosesseveralsinglenoeleotidep„lymorph,s„,s(SNPs,of,heDISCI genomic seqnences 

se, lortK ,n SHQ ID NO: I . In addition, ,be E.an.plcs. demons.ra.e .Ka, ,h.esc SNPsare 

wb,cb c„rre,a,e vvitl, neuropsycb.atr.c disorders Aocord.ngly. DISC I and 1 ISC 
mrcleic ae,d molecules wh.cb comprise one or more of.bose SNPs are particularly prele.ed 
.mbodinrems of DISC 1 and DISC2 nt,cleic acids or the present ,nven„on. 

The polymorphic scquen.:es of ,he mveotion can advantageously be usee- as 

,„ are capable of selectively hybndi.ing to an alleltc variant of a polymorphic regton o la 
' U,SC , and/or D.SC2 gene. Thus, such prtmers can be specific for a DISC 1 and'or DISC 
gene sequence, so long as they hayc a nucleotide sequence vv.ich ,s capable of hybrid.ztng 
.„ a DISC I and/or D,SC2 gene. Preferred pnmers are capable of speciftcally hybridr.tng to 
anv of the allehc variants listed inTABLE 5 . Such orimersean be used. e..... n. seqttence 
Oi specific oligonucleotide priming as described further herein. 

The DISC 1 and DISC2 nucleic ae.ds of the inyention can also be used as 
probes e . in therapeutic and diagnostic assays. For mstance, the present invention 
provtdes a probe compn.ing a substantially purified ol.gonucleotide. which oltgontrcleotide 
comprises a region having a nucleotide seqtrence that is capable of hybridt.ng speCtcally 
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. „r. DISC. a„d iMSC: ..nc which ,s po.y„u.phic TABLE 5, ,„/™.. n a„ 

_ _ c..oa,„,e,u — . .he p.*. orhp. 

L..e,:c«se,.„.h,„TABtP..B,S.Q,ONOS.33.4:„. Such p»h. can, h. e.^ 

,c„e ;s prcscn. in a suhjcc The polymorphic region can he ioca.ed in ,he p,o„,o,c. cxon. 
or imron sequences ofa DISCI or DISC2 gene. 

For example, preferred probes of .he .nven.ion are .hose probes hs.ed 
TABLE SB, wherein ,he hold nueleo.ide, represen, .he loca.,„n of .he nucleo.,de 
0 pol> n,orphis., For each probe lis.cd in T ABLE 5B. ,he oonrplcen. of .ha. prohe ,s also 
LLded in .he .able as a preferred probe of .he inven.ion, Panicularlv preferred probes . 
,he .nvenrron have a number of nucleohdes sufr.cien. ,o allow spec.fic hybrid.za.ron ,o ,he 
,ar... nuclecide sequence. Where ,he ,ar.e, nuCeo.ide sequence is presen. .n a arge 

• nMA frawment of several tens or hundieds ot 
fragment of DNA. such as a genomic DNA fragment 

„ .1I..S, .he Size of .he probe ma, have .0 be longer .0 provide sulT.cien.ly .pecd.c 
h,hr,d,«io„. as compared .0 a prohe which . rrsed .0 de.ec, a .arge, sequence wh.ch , 
prese„.mashor.erfragme„.orDNA. F„rexan,ple.msomed,ag„os.ic,ne,ho s,apo o 

chromosomal DNA and .hen hybridized to a probe. In such a s,.ua.ion, a shorier prohe w„l 
20 likelv provide suffrcien. specifici.y of hyhridiz..io„. For example, a prohe havmg a 
nucleohde sequence of abou. 10 nucleotides may he sutf.cen., 

,„ preferred embodiments, the probe or primer furrher composes a label 
attached .here.o. w.lch. is capable of being de.ec.cd, .he label group is selected 
fton, amongst rad.oiso.opes. nuorescen. commands, enzymes, and enzyme eo-,ac.„rs. 

In anorher prefe^ed embodrmen. of the inven.ion. the isolated nucle.c acd. 
" which is used, e „, as a probe or a prrmer, is modiHed. s.,ch as to become more stable, 
exemplary nucleic acid molecules which are modifred include ^^^^^''^'^ 
phosphothtoateand methylphosphonate analogsof DNA .see also U,S, Patents 5.176..%. 

5.264,564; and 5.256.775). 
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The nucleic acids .,r the invention can also be n.od.lled at li.e base moietv. 
sa..ar nK.ic.v. or phosphate backbone, Ibrexample. to improve stabiltty ofthc molceulc. The 
nacleic acids, c- ,e, probes or primers, may include other appcrded groups sueh as pep.tdes 
„ g for targeting host cell receptors m ,vV„). or agents laclitating transport across the cell 
membrane (see. c ,g . l.ctsinger e, c.L m9. Proc. Natl, Acad. Sci. U.S,A, .6:655.V6„6: 
l.emaitre e, al . 1 987. Proc, Natl, Aead, Sci, 84:648-652: PC r PubUeation No, WO88,'0% 1 0, 
published December 1 5. 1988). hybridi/ation-triggered cleavage agents, (See, e„t;„ Krol e, 
„; . 1988. llM„k,u,s 6:958-976) or intercalatmg agents. (See. e g . Zon. 1988, Pharm, 
Re, 5,~-39-549), To Ihisend. the nucleicacid of the invention ntay beeonjugated to another 
0 molecule. . a peptide. hybr,di..tion triggered cross-linking agent, transport agent, 
hybridization-triggered cleavage agent, etc. 

The isolated nucleic acid comprising a DISC 1 and D1SC2 intronie sequenee 
mav comprise a. least one modified base n.oiety which is selected from the group tncluding 
but no, limited to 5-fluorouracil, 5-bron,ouracii. 5.chlorouracil. 5-iodourac,l, hypoxanthme. 
5 xanttne 4.acetvlev.id,ne. 5-,carboxyhydroxymethyh uracil. 5-earboxyn,ethylaminomethyl. 
■,-thiour,dine.5.e,rboxymethylaminomethyluracil.dihydrouracil.beta-D-galac,osyltiueosme. 

inostne N6.,sopentenyladenine. l-methylguanine, l-methylinosine, 2.2-dimethylguan,ne. 
..methyladenine, 2-methylguanine. 3.methyley.idine, 5-methyleytidine. N6.aden,ne. 7- 
mcthvlguanine. 5-methylaminomethy,uraeil. 5-me,hoxyaminome,hyl-2-.hiourae,l. beta-D- ■ 
„,annosylque„sine. 5'-methoxycarboxyme,hyluraeil. 5-mcthoxyuracil. 2-methyl,h,o.N6- 
tsopentenyladenine. uracil-5-oxyace,ic acid (v). vvybutoxosine. pseudouraetl. queostne. 2- 
thiocytidine. 5-me.hy|.2-thiouracil. 2-thiouracil. 4-thiouracil. 5-n,ethylurae,l. urac,l-> 
oxyacetic aeid methylester. uraeil-S-oxyacctic acid (v). 5-methyl-2-thiouracil, 3-(3-am,no-.V 
N-^-carboxypropyl) uracil. (acp3)w. and 2.6-diaminopurinc, 

The isolated nucleic acid may also comprise at least one modified sugar 
moiety selected from the group including but not limited to arabinose. 2-nuoroarabinose. 

xylulose, and hexose. 

In yet another embodinient. the nucleic aeid comprises a, least one modified 
phosphate backbone selected from the group consisting of a phosphorothioa.e. a 
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phosphorodithioatc, a phosphoraniidothioatc. a phosphoraniidalc, a phosphordiamidalc, a 
mcthylphosphonatc, an alkyl phospholricstcr, and a tbrmacclal or analog thereof. 

In yet a further embodiment, the nueleic aeid is an a-anomeric 
oligonucleotide. An a-anomeric oligonucleotide forms specific double-stranded hybrids with 

5 complementary RNA in which, contrary to the usual p-units, the strands run parallel to each 
other (Gautier e( ai. 1987, Nucl. Acids Res. 1 5:6625-6641 ). The oligonucleotide is a 2'-0- 
methylribonucleotide (Inoue e( ai. 1987. Nuci Acids Res 15:6131-6148), or a chimeric 
RNA-DNA analogue (Inoue et ai.. 1987, FEES Lett. 215:327-330). 

Any nucleic acid fragment of the invention can be prepared according to 

10 methods well known in the art and described, e.^., in Sambrook, J. Fritsch. F.F., and 
Maniatis, (1989) Molecular Cloning: A Laboratory ManuaL Cold Spring Flarbor 
Faboratory Press, Cold Spring Harbor, N.Y. For example, discrete fragments of the DNA 
can be prepared and cloned using restriction enzymes. Alternatively, discrete fragments can 
be prepared using the Polymeiase Chain Reaction (PC Rj using primers having an appropriate 

15 sequence. 

Oligonucleotides of the mvention may be synthesized by standard methods 
known in the art, e.g. by use of an automated DNA synthesizer (such as are commercially 
available from Biosearch. Applied Biosystems. etc.). As eKan:ples, phosphorothioate 
oligonucleotides may be synthesized by the method of Stein el aL ( 1 988. Nucl. Acids Res. 

20 16:3209), methylphosphonate oligonucleotides can be prepared by use of controlled pore 
glass polymer supports (Sarin 6^/ a/ . 1988, Proc. Natl. Acad. Sci. U.S.A. 85:7448-7451), or 
other means know in the art. 

The invention also provides other variants of DISC 1 and DISC^2 nucleic acids, 
including nucleic acids having variant microsatellite repeats. A "microsatellite repeat" or 

25 "microsatellite", as the term is used herein, refers to a short sequence of repeating nucleotides 
within a nucleic acid. Typically, a microsatellite repeat comprises a repeating sequence of 
tw o ( /. e. , a dinucleotide repeat), three (/. e. , a trinucleotide repeat), four (/. e. , a tetranucleotide 
repeat) or five (/.c^, a pentanucleotide repeat) nucleotides. Microsatellites of the invention 
therefore have the general formula (N,. N. N,)„, wherein N represents a nucleic acid 
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residue (c.i^.. adenine, tliymine. cylosine or guanine), / represents the number of the last 
nueleolide in the microsatellite. and n represents the number of times the motif is repeated 
in the microsatellite locus. In one embodiment the number of nucleotides in a microsatellite 
motif (/■) is about six. preferably between two and five, and more preferably two, three or 

5 four. The total number of repeats (n) in a microsatellite repeat may be, e.^.. from one to 
about 60. preferably from 4 to 40. and more preferably from 10 to 30 when / = 2; is 
preferably between about 4-25. and more preferably between about 6-22 when / = 3; and is 
preferably between about 4-15. and more preferably between about 5-10 when / == 4. A 
DISCM and D1SC2 nucleic acid of the invention may comprise any microsatellite repeat ot 

1 0 the above general formula. However, the following motifs are particularly preferred: C A. 
TC. and, AATTG; as well as all complements and permutations of such motifs (for example, 
TG, OA. and CAATT. These variant DISCI and DISC2 nucleic acids are also considered 

part of the present invention. 

Accordingly, the nucleic acid molecules of the present invention include 
15 DISCI and DISC2 nucleic acid molecules having one or more of the polymorphisms 
described in TABLES 5 and 6 (SF.Q ID NOS: 33-43). In preferred embodiments, the nucleic 
acid molecules of the invention include specific DISCI and DISC2 allelic variant.;, which 
differ from the reference or wild-type D1S(.1 and DISC2 nucleic acid molecules described 
supra (/.f.. nucleic acid molecules having the nucleotide sequence set forth in SEQ ID NOS 
20 1 and 3, and in TABLE 3). 

The genes encoding DISCI and/or DISC2 derivatives and analogs of the 
invention can be produced by various methods known in the art. The manipulations which 
result in their production can occur at the gene or protein level. For example, the cloned 
DISC1/DISC2 gene sequence can be modified by any of numerous strategies known in the 
art (see, e.g.. Sambrook et al.. 1989, .supra). The sequence can be cleaved at appropriate 
sites with restriction endonuclease(s). followed by further enzymatic modification if desired, 
isolated, and ligated in vitro. In the production of the gene encoding a derivative or analog 
DISC 1 and/or DISC2, care should be taken to ensure that the modified gene remains within 
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the same translat.onal readu.g frame as the DlSCl/DlSC- gene, uninterrupted by 
translational stop signals, in the gene reg.on where the desired activity is encoded. 

Additionally, the DISC 1 and DlSC2-encoding nucleic acid sequences can be 
mutated vitro or in v/v.. to create and/or destroy translation, initiation and/or termination 
sequences, or to create variations in coding regions and/or form new restriction endonuclease 
sites or destroy preexisting ones, to facilitate further riiro modification. Modifications can 
also be made to introduce restriction s.tes and taciluate cloning the DISC 1 /D1SC2 genes into 
an expression vector. An technique for mutagenesis known in the art can be used, including 
but not limited to. vi.ro site-directed mutagenesis ^ Hutchinson e, al. . J. Bu>l. Chen. 1 978. 
053-6551- ZoUer & Smith, DNA 1984. 3:479-488; Oliphant al . Gene 1986, 44:177; 
Hutchmson ./.. Proc Na,l. Acad. Sci. U.S.A. 1986. 83:710). use of TAB" linkers 
(Pharmacia), eic. PCR techniques are preferred for site directed mutagenesis (see, H.guch.. 
1989. "Using PCR to Engineer DNA" in PCR Technolo^: Principles and Applications, tor 
DNA Amplification, H. Erlich. ed.. Stockton Press. C'hapter 6, pp. 61-70). 

The Identified and isolated gene can then be inserted mto an appropriate 
cloning vector. A large number of vector -host systems known in the art may be used. 
Possible cloning vectors include, but are not limited t... plasmids or modified viruses. Fhe 
vector system must, however, by compatible wUh the host cell used. Examples of vectors 
include, but are not limited to. E. coli, bacteriophages such as lambda derivatives, or 
plasmids such as pBR322 derivatives or pUC plasmid derivatives, e.g. . pGEX vectors, pmal- 
pFLAG, pKK plasmids (Clonetech), pET pla.smids (Novagen. Inc.. Madison, Wl), pRSET 
pREP plasmids, pcDNA (Invitrogen, Carlsbad. CA). pMAL plasmids (New England 
Biolabs, Beverly, MA), etc. The insertion into a cloning vector can, for example, be 
accomplished by ligatmg the DNA fragment into a cloning vector which has complementary 
cohesive termini. However, if the complementary restriction sites used to fragment the DNA 
are not present in the cloning vector, the ends of the DNA molecules may be enzymatically 
modified. Alternatively, any site desired may be produced by ligating nucleotide sequences 
(,.e.. "linkers") onto the DNA termini. These ligated linkers may comprise specific 



c 

or 
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:hcm.cally synthcs.zcd oligonucleot.dcs encoding rcstr.ct.on endonucleasc rccogn.t.on 



c 

sequences 



Recombinant molecules can be introduced into host cells v.a transformation, 
transfection. mfection. electroporation. elc. so that many cop.es of the gene sequence are 
5 uenerated. Preferably, the cloned gene is conta.ned on a shuttle vector plasm.d. vvh.ch 
provides for expans.on in a cloning cell (for example. E coli) and tacile puritlcat.on tor 
subsequent insertion into an appropriate express.on cell Hne. if such .s des.red. For example, 
a shuttle vector, which is a vector that can replicate in more than one t> pe of organism, can 
be prepared for replication in both E coli and Sacckaronnce^ cererisiae by linking 
10 sequences from an E coli plasmid with sequence from the yeast 2m plasmid. 

l^^^U^tUiU2n£^ ^"^ ^^^^^ A^«c/£^/c/lciV/5 
DISC) and DISC2 nucleic acid molecules of the invention, whether genomic 
DN A. cDN A or otherwise, can be isolated from any source. Methods for obtau.ing DISC 1 
,5 and I)1SC2 gene are well known in the art. as described above .see, e.^-. Sambrook e: al.. 
i989, supra). 

The DNA may be obtained by standard procedures known in the art trom 
cloned DNA (for example, from a DNA "library"), and preferably is obtamed from a cDNA 
librarv prepared from tissues with high level expression of the gene product. In other 
.0 embodiments, a library may be prepared by chemtcal synthesis, by cDNA cloning, or by the 
cloning of genomic DNA or fragments thereof, purified from the des.red cell (See. for 
example.Sambrookc../..1989..v»,..:Glover.D.M.ed..l985.DMU7o./^^^^^ 

ApproacK MRL Press. Ltd., Oxford. IJ.K. Vols. I and II). 

Clones derived from genomic DNA may contam regulatory and intron DNA 

.5 reuion in addition to coding regions. Clones derived from cDN A generally will not contain 
intronsequences.Whateverthesource.thegeneshouldbemolecularlyclonedintoasuitable 

vector for propagation of the gene. Identification of the specific DNA fragment containing 
the desired DISC 1 or DISC2 gene may be accomplished in a mimber of ways. For example, 
a portion of an DISCI or DISC2 gene exemplified can be purified and labeled to 

-48- 



prepare a labeled probe ( Benton & DaN is. Science 1 977. 1 96: 1 80: Cirunsleu. & 1 louness. 
Proc Xall. Acad Sci. U.S.A. 1975. 72:3961). Those DNA fragments vv.lh substantial 
homology to the probe, sueh as an allelic variant from another individual, will hybridize. In 
a specific embodiment, highest stringency hybridization conditions are used to identity a 

5 homologous DISC 1 or D1SC2 gene. 

Further selection can be carried out on the basis of the properties of the gene. 
e.g. , if the gene encodes a protein product having the isoelectric, electrophoretic. amino acid 
composition, partial or complete amino acid sequence, antibody binding activity, or ligand 
binding profile of DISCI or D1SC2 protein as disclosed herein. Thus, the presence of the 
10 gene may be detected by assays based on the physical, chemical, immunological, or 
functional properties of its expressed product. 

Other DNA sequences which encode substantially the same amino acid 
sequence as an OSCAR gene may be used in the practice of the pre:sent invention. These 
include but are not limited to allelic variants, species variants, sequence conservative 
15 variams. and functional variants. In particular, the nucleic acid sequences of the invention 
include both "function-conservative variants" and "sequence-conservative variants". 
Function-conservative variants of a nucleic acid are those nucleic acids which encode a 
function-conservative variant of a polypeptide, as defined .supra. "Sequence-conservative 
variants" of a nucleic acid are nucleic acids that have a different polynucleotide sequence but 

20 encode the same amino acid sequence. 

Amino acid substitutions may also be introduced to substitute an amino acid 
with a particularly preferable property. For example, a Cys may be introduced a potential 
site for disulfide bridges with another Cys. 

The genes encoding DISC 1 or DISC2 derivatives and analogs of the invention 

25 can be produced by various methods known in the art. The manipulations which result in 
their production can occur at the gene or protein level. For example, the cloned OSCAR 
gene sequence can be modified by any of numerous strategies known in the art (Sambrook 
et al. 1989. supra). The sequence can be cleaved at appropriate sites with restriction 
endonuclease(s). followed by further enzymaUc modification if desired, isolated, and ligated 
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in vitro. In the production of the gene encoding a derivative or analog of DISC 1 or 1)1SC2. 
care should be taken to ensure that the modified gene remains within the same translational 
reading frame as the wild-type gene, uninterrupted by translational stop signals, in the gene 
region where the desired activity is encoded. 
5 Additionally, the DISC 1 or D1SC2 nucleic acid sequence can be mutated in 

vitro or m vivo, to create and/or destroy translation, initiation, and/or termination sequences, 
or to create variations in coding regions and/or form new restriction endonuclease sites or 
destroy preexisting ones, to facilitate further in vitro modification.. Modifications can also 
be made to introduce restriction sites and tac.litate cloning the DISCI or DISC2 gene into 
1 0 an expression vector. Any technique for mutagenesis known in the art can be used, including 
but not limited to, in vitro site-directed mutagenesis (Hutchinson. C. et al. .1. Biol. Chem. 
253:6551, 1978: Zoller and Smith. DNA 3:479-488. 1984: Oliphant et al.. Gene 44:177. 
1986: Hutchinson ./ aL Proc. Natl. Acad. Sci. U S.A 83:710. 1986), use of TAB ' linkers 
(Pharmacia), etc. PCR techniques ate preferred for site directed mutagenesis (see Higuchi. 
1 5 1 989, "Using PCR to Engineer DNA" in PCR Technology: Principles and Applications for 
DNA Amplification. H. Eriich, ed.. Stockton Press, Chapter 6. pp. 61-70). 

The identified and isolated gene can then be inserted into an ai)propriate 
cloning vector. A large number of vector-host systems known in the art may be used. 
Possible vectors include, but are not limited to. plasmids or modified viruses, but the vector 
20 system must be compatible with the host cell used. Examples of vectors include, but are not 
limited to. E. coli. bacteriophages such as lambda derivatives, or plasmids such as pBR322 
derivatives or plJC plasm.d derivatives, e.g. . pGEX vectors, pmal-c. pFLAG, pKK plasmids 
(Clonetech), pET plasmids (Novagen. Inc.. Madison, Wl), pRSET or pREP plasmids 
(Invitrogen, San Diego, CA), or pMAE plasmids (New England Biolabs. Beverly. MA), etc. 
25 The insertion into a cloning vector can. for example, be accomplished by ligating the DNA 
fragment into a cloning vector which has complementary cohesive termini. However, if the 
complementary restriction sites used to fragment the DNA are not present in the cloning 
vector, the ends of the DNA molecules may be enzymatically modified. Alternatively, any 
site desired may be produced by ligating nucleofide sequences (linkers) onto the DNA 
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tcrm.nK these Hgated Unkers may compnse speoHe chemically synthes.ed oligonucleotides 
encoding restriction endonuclease recognition sequences. 

Recomb.nant molecules can he introduced into host cells via transformation, 
transtection. mtection. electroporation. cc. so that many copies of the gene sequence are 
5 .enerated Preferably, the cloned gene is contained on a shuttle vector plasm.d. wh.ch 
provides tor expans.on m a cloning cell. . E coll. and facile purification tor subsequent 
insertion into an appropriate expression cell Ime. if such ,s desired. For example, a shuttle 
vector which is a vector that can replicate m more than one type of orgamsm. can be 
prepared tor replication in both E coli and Saccln.ro.yces ccreyisiae by lurking sequences 
1 0 from an E. coli plasmid with sequences form the yeast 2m plasmid. 

^ % niSCl ^nrl niSC2 G ^-ne Products 

Gene products of the DISC! and DISC2 genes are described above. As 
explained above, the DISC2 gene .s not predicted to encode a polypeptide or protein. Rather. 
1 5 D1SC2 is thought to be a non-protein coding gene for a structural RN A. As such, the D1SC,2 
gene products of the present mvention are. themselves. DISC2 nucleic acids. These D1SC2 
gene products may include, therefore, all of the variations and modifications described supra 

for DISC2 nucleic acids of the invention. 

The DISC 1 gene is predicted to encode a polypeptide having the amino acid 

20 sequence shown in FIG. 2 and set forth in SEQ ID N0:2. This DISCI polypeptide may be 
divided into at least t.o regions of distinct secondary structure. T he first region, wh.ch .s 
referred to as the N-terminal region, comprises approximately amino acid residues 1 -347 ot 
SEQ ID N0:2 and is predicted to comprise at least one globular domain. The second region 
of secondary structure is also referred to as the C-terminal domain and comprises 

.5 approximately ammo acid residues 348-854 of SEQ ID N0:2. The C-terminal region 
comprises at least three a-helix regions which are indicated by bold underlining m FIG. 2. 
Thea-helixregionscorrespondtoapproximatelyaminoacidresidues367-394,452-500and 

602-630 of SEQ ID N0;2. It is understood that the a-helices contained in the C-term,nal 
region may interact with each other to form coiled coil structures. 
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A splice variant of the DISC 1 geno produet is also known to exist. This splice 
variant of the DISCI gone product is predicted to encode a polypeptide having the amino 
acid sequence shown in FIG. 2 (SFQ ID NC):2). However, the sequence corresponding to 
the amino acid residues ind.cated by light underlining in FIG. 2 (i.e.. amino acid residues 
5 748-768 of SEQ ID N0:2) is omitted from this splice variant of the DISCI gene product. 

In one specific embodiment, a DISCI polypeptide is a polypeptide from a 
human cell or tissue and, more preferably, from a human brain cell or tissue. For example, 
a human DISCI polypeptide of the invention may comprise the amino acid sequence set 
forth in SEQ ID N0:2. Likewise, a DISC2 RN.\ is RN.A from a human cell or tissue and. 
10 more preferably, from a human brain cell or tissue, which sequence corresponds to a 
sequence transcribed from a wild-type or variant DISC2 gene. 

In other embodiments. DISCI and DISC2 gene products also include 
fragments ofafulllength DISC I protein or DISC 1 RNA. For example, polypeptides which 
may be used in the compositions and methods of the present invemion include polypeptides 
1 5 comprising an epitope of a full length DISC I polypeptide, such as epitopes of the full length 
DISCI polypeptide shown in FIG. IB (SEQ ID N0:2) or a splice variant thereof (for 
example, the splice variant described above). An epitope of a DISC 1 polypeptide represents 
a site on the polypeptide against which an antibody may be produced and to which the 
antibody binds. Thus, polypeptides comprising the amino acid sequence of a DiSC 1 epitope 
70 are useful for making antibodies to a DISCI protein. Preferably, an epitope comprises a 
sequence of at least 5. more preferably at least 10. 15, 20. 25 or 50 amino acid residues in 
length. Thus. DISCI polypeptides of the invention that comprise epitopes of a DISCI 
proiein preferably contain at least 5. at least 10. at least 1 5. at least 20. at least 25 or at least 
50 amino acid residues of a DISCI protein sequence. For example, in certain preferred 
25 embodiments wherein the epitope is an epitope of the DISCI polypeptide set forth in FIG. 
2 (SEQ ID N0:2). a DISCI polypeptide of the invention may comprise an amino acid 
sequence corresponding to a sequence of at least 5. at least 10. at least 1 5. at least 20. at least 
25 or at least 50 amino acid residues of the sequence set forth in FIG. 2 (SEQ ID N0:2). 
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The DISCI polypcplides or I)1SC2 RNA sequences of the invenlion also 
include analogs and derivatives o. the full length DISCI polypeptides set forth .n FK. 2 
(SFQ ID N()-2) or the full length D1SC2 RNA sequence. Analogs and dertvat.ves ot the 
DISCI polvpeptides or D1SC2 RNA sequences of the inxent.on have the same or 
hon.ologous characteristics of DISCI po.ypept.des or D1SC2 RNA sequences set torth 

above. r^icrM 
A DISC- 1 chimeric fusion polypeplide can be prepared in vvlricli the DI.X I 
p„r,ion„r.herusi„„ protein l,asoneorm„rectarac,e,isricso„l,cDlSC,polypep.idc^ Such 

f„.„n polvpcprides .hcrerore represent entbodiments of the DISC, polypeptides o, the 
presentinvention^ExemplaryDlSClfusionpolypeptidesincludeonesvvhiehcompnsealull 

tength derivative or truncated DISCI amino acid sequence, as well as fusions whtch 
comprise a fragtnen. of an OSCAR polypeptide sequence (c . . a tragmem correspondtng to 
an epitope o, to one or more domains or regions,. Such fusion polypeptides may also 
comprise the amino acid sequence of a marker polypeptide: for example RAO. a histrdtne 
rag ghttathione S-transferase (OST> or hemaglutinin. In other embodiments, a DISC) 
polvpeptidemayheexpressedwithabac,erialproteinsnchas|)-galactosidase..^dd,t,onally. 

DISCI fusion polypeptides may eonrprise amino acid sequences that increase solubthty of 
,he polypeptide, such as a thioreducase amino acid sequence or the sequence of one or more 
immunoglobulin proteins [e.g . IgGl or IgG2). 

DISC I analogs or variants can also be made by altering the wild-type DISC 1 
polypeptide sequence, c... by introducing one or more amino acid residue substitutions. 
addi,ionsordeletions.lnoneembod,men..suchaltered polypeptides are functit,nallys,m,lar 

molecules I, c . molecttles that perform one or more DISCI functions or have one or more 
DlSCl btoacivities). Thus.maspecincembodimen,.ana„alogofaDISCl polypepttde ,s 
a function-conservative variant, as the term is defined mpm. 

In a preferred embodiment, an analog of a DISCI polypeptide is assoctated 
with a neuropsychiatric disorder, such as schizophrenia. sehizoalTective disorder, bipolar 
affectivedisorder.unipolaraffectivedisorderandadoIescenteonductdisorder.Forexample, 

the Examples i.fn, describe various mutations to the DISC I gene which encode an analog 
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1 limn ucne proJucls represent exemplary, speeille 
DISCI ucne produel. Sueli anak.;! DISC I fcene pr< 
e„*„.;:,e,,,s „r.l. ana,„. DISC, ge,,e proJue. orUre pre.cn. ,,.cn.,. 

A„,i„oae,drcsi*,es.„.her.tan.heo„es,ha,arespee,.,eaU>,de,«,hederu 
.K.,„.e„n.ervea.„,ayd«Teran»„.var.n.s„r»pro.ei„orp„K.pep>-.e.Ace„ra,n^.e 

ereenu^e of pro.ein or amino aeid se.nenee s ,ar,r> .euvecn any r^o D.SC 

:;pL oL,a, arncon may vary. Typ.eal.y. *c pereema.e orpro.cn or am,,. 

I nenee s arr.y .e.een .Heren. 0,SC, po.ypep.,. ana,o. or var.an , m 

,„,„ ,„o, ,„ «... a. determinod aceording » an a.,enmen. sCeme .ueK a. rh CK, . 
rJda„d.r*eMBO.UO.„.or..m..na,„.and.r-..aO,S^^^^^^^^^^^^ 

:— ^^^^^ 

,• ^ It k further noted that the analogs ot the lms«. 
«n<l adolescent conduct disorder. It is turtner noic 

: Of .e pre.m „.e„.,on mCnde. no. „,„y .omo,o. - — - 

.h DISCI polypeptides of .he presen. inven.ion (e vanants ot a DISC . polypep 
r iZZ:ese.0«.nn...and,nS.0,O.O.. 

of mCdified DISCI polypeptides (e... truncattons and deletions, and o, Ira.tr, nts ( . 
:ldin,.opart,eulardon,ains.re,i„nsorep,topes,o,afu,i,en,.0,SC polypep, . 

,„ yet other embodtmcnt. an analog of a DISC, polypeptrdc ,s an allel, 
.artant or mntan. of a DISC , polypeptide. T.e tenn allelie vartant and ntntant. when nse^l 
Irrhe a polvpepttde, refers to a polypeptide encoded hy an allelic vartan. or mutant 
le Is t^; allelic variant and mntan. DISC, polypeptides of the tnvent.on ar 
8 . , f,i,„niscl nuclcicacidmoleculesof 

polypeptides encoded by allelic variants o, mutants ot the DISC 

the present invention. 
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In vc. o>hcr omb.xlimon.s, an analogcl u DISC 1 polypcplide ,s a subsla„lu,ll> 
h„„K„„»us polypcptKlc rrom „k san,c spcccs . a„ allcl.c variant, or Irom another 
species , . an orthologous poK pep.iJo,: prelerahly iron, another matBmalian spectes such 
a, ntouse. rat. rabbit, hamster, gu.nea pig. primate (e,« , monkey or hantan). cats. dogs, 
sheep goat, pi«. horses, cocvs. c,c 1 knvever. DISC 1 bomologons ol the invention nray be 
,H,„,anyspec,es.incladingchicke„s..Vcw"Meast(c..t....SW,,»-»-mc«cc,vn^^^^ 

bacteria (c^.. f coli) to name a feu. 

In a speciltc embodiment, two polypeptide sequence are "substamtally 
honrologotts- or "substantially similar" when the ^lypeptides are a, least 35.40% sinrtlar 
as dete^ined by one of the algorithms disclosed herein, preferably a, least about 60% 
similar, and more preferably a, least about .0 or «% simtlar in one or m.ore htghly 
conserved domams or. for allelic variants, across the entire amino acd sequence. 

|„ other embodiments, variants of a DISCI polypeptide (including analogs, 
orthologs and homologs, are polypeptides encoded by nueierc acid molecules that h, bridt.e 
„. the complement of a nucletc acid molecule encoding a DISCI polypeptide: u, a 
Southern hvbridization experiment under defined conditions. For cample, in a pat.tcular 
embodiment analogs and/or homologs of a DISCI polypep.tde comprise amtno acd 
sequences encoded by nucleic acid molecules that hybrid,..e to a cotnplement of a DISC I 
nucletc acid sequence, such as the coding sequence of the DISCI cDN,^ sequence se, Iroth 
in FIGS lA-C (SEQ ID N0:1,. under highly stringent hybndization condtttons that 
comprise 50% formamide and 5X or 6X SSC. in other embodiments, the analogs andA,r 
homologs of a DISCI polypeptide may comprise amino acid sequences encoded by nuclerc 
acid molecules that hybridize to a complement of a DISCI nucleic acid sequence ,e,,.. the 
complement of the coding seqtrence of the DISCI cDN A seqttence se, forth ,n FK.S. . A-t 
; and in SEQ ID NO:l ) under moderately stringent hybridisation conditions (, c. 40% 
formamide with 5X or 6X SSC ,. or under low stringency conditions (e g. , in 5X SSC, 0.1% 
SDS 0 ^5% milk, no formamide. 30% formamide. 5X SSC or 0.5% SDS). 

In still other embodiments, variants (including analogs, homologs and 
orthologs) of a DISC 1 polypeptide can also be identified by isolating variant DISC 1 genes. 
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c-.,, . by PCR using degenerate ol.gonucleotide prm^ers des.gned on the basis ofam.no ac>d 
sequence of the DISCI polypeptide (see. supra)- 

Derivatives of the DISCI polypeptides of the invention further include, btit 
are bv no means linnted to. phosphory lated DISC 1 . myristylated DISC 1 . methylated DISC 1 
5 and other DISC 1 polypeptides that are chemically modilled. DISC 1 polypeptides ol the 
invention may include labeled variants: form example, radio-labeled with iodme or 
phosphorous (see, e.,. . EP 372707B) or other detectable molecule such as. but by no means 
lipnned to. biotm. a fluorescent dye (..,.. Cy5 or Cy3). a chelating group complexed with a 
metal ion. a chromophore or fluorophore. a gold colloid, a particle such as a latex bead, or 

1 0 attached to a water soluble polymer. 

Chemical modification of a biologically active component or components of 
DISCI (or DISC2) nucleic acids or polypeptides may provide additional advantages under 

1 lie Pni,-nt Mn 4 1 79 "5 "2 7 issued December 1 8. 
certain circumstances. See. tor example. b.S. Patent No. 4.1 /v.j.. 

1970 to Davis et ai. Also, for a review see Abuchowski uL in E.^ymes as Dru^s U.S. 

,5 llolcerberg and J. Roberts, eds. 1981). pp. 367-383. A review article describing protein 

modification and fusion proteins is found in Francis, Focus on Gnns th Factors 1 "^^2. 3 :4- i 0. 

Mediscript: Mountview Court, Friem Barnei Lane. London N20. OLD, L'IC. 

Pohmorphi^M^ in the P l^CI polvpeptide 

20 The present invention provides isolated polymorphic DISC 1 polypeptides, 

such as DISC 1 polypeptides which are encoded by specific allelic variants of DISC 1 genes, 
including those identified herein. Accordingly, prefen-ed DISCI polypeptides of the 
invention have an ammo acid sequence which differs from SEQ ID NO: 2. In one 
embodiment, the DISCI polypeptides are isolated from, or otherw.se substantially free of 

25 other cellular proteins. The term "substantially free of other cellular proteins" (also referred 
to herein as "contaminating proteins") or "substantially pure or purified preparations" are 
defined as encompassing preparations of DISCI polypeptides having less than about 20% 
(by dry weight) contaminating protein, and preferably having less than about 5«o 
contaminating protein. It will be appreciated that functional forms of the subject 
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polypcplidcs can be prepared, for the first time, as puntled preparations bv using a cloned 

gene as described herein. 

Preferred DISC 1 proteins of the invention have an amino acid sequence which 
is at least about 60%. 70%. 80%. 85%. 90%. or 95% identical or homologous to an amino 

5 acid sequence of Sl-Q ID NO: 2. Even more preferred DISC 1 proteins comprise an amino 
acid sequence which is at least about 97. 98. or 99% homologous or identical to an amino 
acid sequence of SEQ ID NO:2. Such proteins can be recombinant proteins, and can be, e.g.. 
produced in vilro from nucleic acids comprising a specific allele of a DISCI polymorphic 
region. For example, recombinant polypeptides preferred by the present invention can be 

10 encoded by a nucleic acid, which is at least 85% homologous and more preferably 90% 
homologous and most preferably 95 % homologous -vith a nucleotide sequence set forth in 
SHO ID NO: 1. and comprises an allele of a polymorphic region that differs from that set 
forth in SEQ ID NO: 1 . Polypeptides which are encoded by a nucleic acid that is at least 
about 98-99% homologous with the sequence of SEQ ID NO: 1. and comprise an allele of 

1 5 a polymorphic region that differs f^m that set forth in SEQ ID NO: 1 are also within the 

scope of the invention. 

In a preferred embodiment, a DISCI protein of the present invention is a 
mammalian DISC 1 protein. In an even more preferred embodiment, the CISC 1 protein is 
a human protein, such as a DISCI polypeptide comprising an amino acid sequence from 
20 SEQ ID NO: 2 in which amino acid 607 is an phenylalanine residue and/or amino acid 704 
is a cysteine. 

DISC 1 polypeptides are preferably capable of functioning in one of either role 
of an agonist or antagonist of at least one biological activity of a wild-type ("authentic") 
DISC 1 protein of the appended sequence listing. The term "evolutionarily related to", with 
25 respect to amino acid sequences of DISC 1 proteins, refers to both polypeptides having amino 
acid sequences which have arisen naturally, and also to mutational variants of human DISC I 
polypeptides which are derived, for example, by combinatorial mutagenesis. 
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,,,„ K.„.,h pr„,cius or ,u,.,„cn,s c..rrcspo„di„, K. o„o or ,„or. panicul.r 

I. K-wt S 10 ^"S SO. 75 and 100. 
,„„i,s and/or donralns or .0 arbitrary si.cs. lor exarrrplu a. Iu,s. 5. 10. - 

a„„„o acids in length are wr.hi,, lire scope of rhc presen, „rvc„„o„. 

Koiared poptidvl portions of DISCI proteins can be obtained by sereentng 

3 pepttdes recottrbtnandy prodttced fron, the correspondrn, Ira.nten, of tbe nncletc aetd 
1... - peptide. ,n addrtion. fra.trtents can be cbentically syn.bes,.d t,s,„. 
..cbn^nes known t„ tbe an strcb as conventional Merr.field solid pbase t-Moc ^ 
cbetntstrv. .or example, a DISC , polypeptide of tbe presen, inventron ntay be arb t ^ 
;„,o fragments of destred len.b .i.b no overlap of tbe fra.ntents. or pre . 

,0 dtvrded tnto overlapping tVa.nrents of a destred len.b. Tbe fra.ntents can b pro 
,_,„.„t,y or by ebernrcal syn,l,es,s, and tested to identify tbose peptrdy ,r .^e 
.b,ebcanft,nctionasei.hera,on,stsorantag„nis.s„fawild.type,.., anthenttc ) DISC , 



protein 



,„ general, polypeptides refetred to hetetn as havrng an aettvrty (e,. are 

, , ..bioaci ve.. , Of a l,.SC 1 protetn are defrned as polypepttdes vvb.cn nnnric or a,.a,o„.e a 
■ „rapor,,o„oftheb,o.o.,cal/b,„ebe,n;calaetiv,,:csof.U,SC-lpro,e,nbav,„, QlDNa 

, Ibas.beab,li.y.obindasnbs,ra,eor,i,and. 0.berbiolo.calact,v,t,esoHl.s b,e 

;,SC1 protetns will be reasonably apparen, ,o those skilled tn the art. Meordrn. .h 
p:ese„tLe„tio„.apo,ypep.idehasbio,o„ea,ac,iv,.yifi.isaspecif,ca,onistoran.a,on,st 

Assays for determtning whether a Dtsv. i pioi 
or more biological activities are well known in tbe art. 

inventton provides fusion proterns. ..... DlSCI-tnrntunoglobnlin fusion prote.ns. Such 

Lion proLns can provtde. enhanced stability and solubility of PISCI pro.etns and 
..vthusbeusefulintherapy,Fusionproteinscana.sobeused.„producean,n,,,,u„o,e„,e 

fragmentofaOISCI protein. Forexan,p,e..heVP6capsidpr„teinofrt,tav,ruseanbeuse 
1 ..ntunologic carrier protein for poruons of the DISC, polypept.de. ettlrcr tn the 
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„.p.,s„„ DISC, cp„op« a. pan ofi. v,„„„. U „as .een ..o™„„s.a ed , . 

,.epa.„. B v,n„„s caa be u.„.ea in ..s .o,e a. Si.„aH, c... 

p„,,.,v,..ap..p..c,pca„.ec.a,e.oe.a„c.— 
, e.a™p>e, ,...c*n No: 0.,H,: a„. - 0 

-rheM..,iplca„.iBe„pep.idesys,emrorpepudc.basedimn,u,„za.,o„ca„al.o 
,e u..H.cd ,0 ,e„era,ea„ i„„„a„o,e„. ..«e,n a desired por„o„ ofa DiSC, polypeptide ,s 
.a,„ed dil, .o™ „.an„-c.e.,ca, s...e.s of d,e pepude o.„ an ..o.e,. 
, L„c.n.K..eeo.e.see..-„.e.a.p.e.Posne.u..,,-UI..B.BC.«.7,,andN 

„, „ Ju. ,.n,uno, >48-..4,. An,„enic de,e,..inan.s of D.SCI pro.e.ns can also 
expressed and presented by bacterial cells. 

In addition to utiltzing fusion proteins to enhance in,m„nogen,c,.y . 
„aely appreciated .bat fuston proteins can also facilitate .be express.on of proteins, an 

> J ^^^^ „„ , „sc, polypeptides o t e pre 

,„.ention.Forexan,ple.DISCIpo,ypep.,descanbe.enera.edas,l.,.atb,„ne-S ns.^^^^^ 
,OST-fusion,proteins.St,cbOST.fus,onpro.e,nscanenab,ecasypur,„ca.,onof.beDISCI 
Upeptide.asforexa™plebytbenseof,u.a,bione-dcr,vati.edn,atrices,seeorexa.ple. 

Protocols in Molccniar Biology, cds. Ansubel c, . ,N.V.: Jobn W„ey * Sons. 

" " Tbe present inventton furtber pertarns to nretbods of prodncing the sttbicct 

D,SCIpolvpep.ides.F„rexanrple.abostcel,transfectedwitbannclcicacidvectordirect,ng 

"pressLn„fanncleotidese,uencce„coding,bes„b,ectpoKpep.,descanbecul.ureu„de 

propr,atec„ndit,ons.oallo.e„oftbepeptide.„„ecnr.Sn,.ablenred,aforce,, 



culU,rc aro well known n, ,hc .r. I hc rccon*inan> DISC 1 polypcp.ido can be .sola.cd Iron, 
cell cul.ua. n,ediun,. hos. colls, or bo.h usin, ,ccl,„mucs known in ,ho an for pur„yn„ 
p,„,cins inducing ion-c.changc chromarography. gel fiUra.ion chromatography. 
„„rar,l,ra,ion. elec,rophores,s. and imnrunoalllndy purificarlon wnh an.ihodic. speCrc tor 
5 such pcpndc. m a preferred embodrnu-n.. ,be reeo„,b,na„, DISCI polypepride ,s a ,u.o„ 
prorein con,ainh,g a domain which lacilitares i.. purillcarion. such as GST fusion pro.enr. 

Moreover, i, will be generally appreciated that, under certain circumstances. 
,t ntav be advantageous to provide homologs of one of the sub,cct DISC, polypv-pttdes 
„hich function in a limited capacity as one of either a DISC 1 agonist (nnmetic, or a DISC 1 
,0 antagonist, in order to promote or inhibit only a subset of the biological activittes o. the 
naturallv-oecumng form of the protetn. 1 bus. speeif.e b.ological effectsean be elicited by 
treatment with a homolog of limited function, and with fewer side effects relattve to 
treatment with agontsts or antagontsts which are directed to all of the btological aettvtttes o, 
naturally occurring formsof DISCI proteins. 
,5 Homologs of each of the subject DISCI proteins can be generated by 

ntutauenesis. such as by discrete point mt,tatior.(s,. or by truncation For instance. mut,t,on 
can give rise to homologs which retain substantially .be same, or merely a subset, ol the 
biological activity of the DISCI polypeptide fro.n which i. w.as derived. AUernattvely. 
antagonistic forms of the protein can be genera.ed which are able .o .nhibtt the func.ton of 
20 the naturally occurring form of the protein, such as by competitively binding to a subs.ra.e 

orligand. , ■ , , 

The recombinant DISCI polypeptides of .he presen. inven.ton also tnclude 
hontologsofDlSCIpolypeptideswhiehdtfferfromtheDlSClproteinshavingSEQIDNO: 

. such as versions of those protein which are resrstant to proteolyttc cleavage, as lor 
25 example, due to mutations which alter ubtqui.ina.ionor o.her enzyma.ic targeting associated 

with the protein. 

DISCI polypeptides may also be chemically modtlled to create derivatives 

bv forming covalent or aggregate conjugates with other chemical moieties, such as glyeosyl 
g;oups,lipids,phosphate.aeetylgroupsandthelike.Covalen.derivativesofDlSCIproteins 
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c.„ bo prepared by l,„k,ng ,be chcric.l moicos ,„ ru„c,i..,ral groups „n ami.ur aad s,do- 
clnuns or .he protoi. or al lire N-,en„inus oral ihe C-terminus of the polypepude. 

Modification of the strtictt,re of the subject DISCI polypeptides can be lor 
sueh purpo.es as enhaucing therapcutte or prophylacc efficacy, stability (e . ex vivo shell 
5 lile and resisiance to pro.eolyttc degradatioa). or post-,rauslat,onal nrodificatious ,c , . to 
alter phosphorvlalion paltern ol protein,. Such modified peptides, when designed to rctatn 
at least one activity of the naturally -oecurrtng form of the protein, or to produce specific 
antagonists thereof, are considered functional equivalents of the DISC:i polypeptides 
described in more detail herein. Such modified peptides can be produced, for tns.anee, by 
,0 ammoacidsubs,ituti„n.deletion.oraddi.io„Thesubstitutionalvariantmaybeasubs.,tu,ed 

conserved amino acid or a substttuted non-conserved amino acid. For example, ,t ,s 
reasonable to expect that an isolated replacement of a leucine v. i,h an isoleucine or vahne, 
anaspanatewithaglu,ama,e,athreomnewithaserinc.oras,milarreplacementofana„„no 

acid with a structurally related amino acid „.e isosteric and/or isoelec.r.c mutations) wtll not 
,5 have a major effect on the biologtcai acvi.y of the resulting molecule. Conservative 
replacements are .hose tha, .ake place within a family ofamino aci.ls that are related m their 
side chatns. Genetically encoded amino acids can be divided into four families: , I . acidic ^ 
aspartate, glutamate. (2, basic = lysine, arginine, histidine: C. nonpolar - alanine, vahne. 
leucine, isoleucine, proline, phenylalanine, methiontne, tryptophan; and(4) uncharged polar 
.0 = glvcine, asparagine, glutamine. cysteine, serine, threonincyrosine. In similar tashion. the 
ammo acid repertoire can be grouped as ( 1 , acidic = aspartate, glutamate; (2, basic » lysmc. 
arginine histidine, O) aliphatic - glycine, alanine, valine, leucine, isoleucine, serine, 
threonine, with serine and threonine optionally be grouped separately as aliphatic-hydroxyl: 
,4, aromatic ^ phenylalanine, tyrosine, tryptophan; (5) amide - asparagine, glulamine; and 
.5 (6, sulfur -containing = cysteine and methionine, (see. for example. Biochemistry. 2"' ed.. 
Fd bv L Stryer. WH Freeman and Co.; l')81). Whether a change in the ammo acid 
sequence of a peptide results in a functional DISCI homolog (eg. functional in the sense 
that the resulting polypeptide mimics or antagonizes the wild-type form, can be readily 
determined by assessing the abiUty of the variam peptide to produce a response in cells in 
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a tash.on s.milar to the wild-type prote.n. or competitively mhihit such a response. 
Polypeptides in which more than one replacement has taken place can readily be tested in 



the same manner. 



5 S 4 Fx prcssion of OISCI and P l^ri (;ene Products 

The nucleotide sequence coding for DISC 1 or D1SC2, or for an antigenic 
fra^ment, derivative or analog thereof, for a functionally active derivative (including a 
chimeric protein) thereof, or for a mutant or variant DISC 1 or DISC2 (such as for one of the 
variants or mutants described in the Examples. Infra) cm be mserted into an appropriate 
10 expression vector, i.e.. a vector which contains the necessary elements for the transcription 
and translation of the inserted protein-coding sequence. Thus, a nucleic acid encoding 
DISCI or D1SC2 of the invention can be operationally associated with a promoter in an 
expression vector of the invention. Both cDNA and genomic sequences can be cloned and 
expressed under control of such regulatory sequences. Such vectors can be used to express 
1 5 functional or functionally inactivated DISC 1 and DISC2 gene products (for example DISC 1 
and D1SC2 RNA or DISCI polypeptides). Fhese include, for example, a DISC 1 or D1SC2 
nucleic acid having one or more mutations or polymorphisms that are associated with a 
neuropsychiatric disorder, such as DISCI nucleic acids having or>e or more of the 
polvmorphisms specified in TABLE 5 and in TABLE 6A of the Examples, infia. In 
20 addition, nucleic acids that encode a variant DISCI polypeptide, for example a variant 
D-SC 1 polypeptide associated with a neuropsychiatric disorder and/or having one or more 
of the amino acid substitutions disclosed in TABLE 6B of the Examples, infra, may be 
cloned and expressed according to the methods described here. 

The necessary transcriptional and translational signals can be provided on a 

25 recombinant expression vector. 

Potential host-vector systems include but are not limited to mammalian cell 
systems transfected with expression plasmids or infected with virus {e.^.. vaccinia virus, 
adenovirus, adeno-associated virus, herpes virus, etc.); insect cell systems infected with virus 
(e.}^.. baculovirus): microorganisms such as yeast containing yeast vectors: or bacteria 

-62- 



10 



15 



„„„ro™cJ wUh baccriophage, DNA. plasmid DN A. or c.,sn„d DNA. The expression 
elements of vectors vary it, thetr strengths and speetfteitics. Depending otr the host-vee.or 
svstem utilized, anv otre ofa number olsuitable transeriptiou and translation elements may 



be used 



20 



25 



Expression ofDISC 1 or D1SC2 may be controlled by any promoter/enhancer 
element known m the art. but these regulatory elements must be tunetional in the host 
selected for expression. Promoters which may be used to control DISCI or D1SC2 gene 
expression include, but are not limhed to. cytomegalovi.us (CMV) promoter (U.S. Patent 
Nos 5 385,839 and No. 5,1 68,062), the S V40 early promoter region (Beno.st and Cham.bon. 
1981 Nature 290:304-310). the promoter contained in the 3' long terminal repeat of Rous 
sarcoma virus (Yamamoto. et al. Cell 22:787-797. 1980). the he^^es thymidine kinase 
promoter(Wagner../..Proc.Natl.Acad.Sci.U.S.A.78:1441-1445.1981),the regulatory 

sequencesofthemetalloth.onemgene(Brmsterc../,.Nature296:39-42.1982);prokaryot.c 
expression vectors such as the b-lactamase promoter (Villa-Komaroff. C a/., Proc. Natl. 
Acad Sci U.S.A. 75:3727-3731. 1978). or the iac promoter (DeBoer. al. Proc. Natl. 
Acad Sci. U.S.A. 80:21-25, 1983); see also "Useful proteins from recombmant bacteria" in 
Scientific American, 242:74-94, 1980. promoter elements from yeast or other fungi such as 
the Gal 4 promoter, the ADC (alcohol dehydrogenase) promoter, PGK (phosphoglycerol 
kinase) promoter, alkalme phosphatase promoter: and transcriptional control regions that 
exhibithematopoietictissuespecificUy,inparticular:beta-globmgenecontrolreg.onwh,ch 

. active in myeloid cells (Mogram aU Nature 315:338-340. 1985: Kollias Cell 
46:89-94. 1986). hematopoietic stem cell differentiation factor promoters, erythropoietin 
receptor promoter (Maouche al. Blood. 15:2557. 1991 ). eic. 

Indeed, any type of plasmid. cosmid. YAC or viral vector may be used to 
prepare a recombinant nucle.c acid construct which can be introduced to a cell, or to tissue, 
where expression of an a DISC 1 or a D1SC2 gene product is desired. Alternatively, wherein 
expression of a recombinant DISCI or D1SC2 gene product in a particular type ot cell or 
tissue is desired, viral vectors that selectively infect the desired cell type or tissue type can 
be used. 
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n another embodiment, the hivcntion provides methods tor expressing DISCI 
polypeptides or I)1SC2 RNA by using a non-endogenous promoter to control expression of 
an endogenous DISC 1 or DISC2 gene vv.thin a cell. An endogenous DISC 1 or D1SC2 gene 
within a cell is a gene of the present invention which is ordinarily (i.e.. naturally) found in 
5 the genome of that cell. A non-endogenous promoter, however, is a promoter or other 
nucleotide sequence that may be used to control expression of a gene but is not ordinarily or 
naturally associated with the endogenous DISCI or DISC2 gene. As an example, methods 
of homologous recombination may be employed (preferably using non-protein encoding 
DISCI or D1SC2 nucleic acid sequences of the invention) to insert an amplifiable gene or 
10 other regulatory sequence in the proximity of an endogenous DISCI or DISC2 gene, fhe 
inserted sequence may then be used, e.g.. to provide for higher levels of DISCI or DISC2 
gene expression than normally occurs in that cell, or to overcome one or more mutations in 
the endogenous DISCI or D1SC2 regulatory sequences which p.event normal levels of 
DISCI or D1SC2 gene expression. Such methods of homologous recombmalion are well 
1 5 known in the art. See. for example. International Patent Publication No. WO 91/06666, 
publ.shedMay 16. 1991 bySkoultchi- International PatcmPublicationNo.W09im^^^^^^ 

published July II, 1991 by Chappel; and International Patent Publication No. WO 

90/14092. published November 29. ! 990 by Kucherlapati and Campbell. 

Soluble forms of the protein can be obtained by collecting culture fluid, or 
20 solubilizing inclusion bodies. by treatment with detergent, and if desired sonication or 

other mechanical processes, as describee above. The solubilized or soluble protein can be 

isolated using various techniques, such as polyacrylamide gel electrophoresis (PAGE). 

isoelectric focusing. 2-dimensional gel electrophoresis, chromatography (e.g. . ion exchange. 

affinity, immunoaffinity. and sizing column chromatography), centrifugation. differential 
25 solubility, immunoprecipitation. or by any other standard technique for the purification of 

proteins. 

A wide variety of host/expression vector combinations may be employed in 
expressing the DNA sequences of this inv ention. Useful expression vectors, for example, 
may consist of segments of chromosomal, non-chromosomal and synthetic DNA sequences. 
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Suitable vectors include derivatives of SV40 and known bacterial plasmids. c.,.. K col, 
plasmids col HI. pCRl . pBR322. pMal-C2. pH r. pC.i:X (Smith c, ./..dene 67:3 1-40. 1988). 
pMB9 and the.r derivatives, plasmids such as RP4: phage DNAs. e.,.. the numerous 
derivatives of phage I. c.,. . N M989. and other phage DNA. e.^. . M 1 3 and filamentous smgle 
stranded phage DNA: v east plasmids such as the 2m plasmid or derivatives thereof: vectors 
useful in eukaryotic cells, such as vectors useful in insect or mammalian cells: vectors 
derived from combinations of plasmids and phage DNAs. such as plasmids that have been 
modified to employ phage DNA or other expression control sequences: and the like. 

Preferred vectors are viral vectors, such as lentiviruses. retroviruses, he.pes 
viruses, adenoviruses, adeno-associated viruses, vaccinia virus, baculovirus. and other 
recombinant viruses with desirable cellular tropism. Thus, a gene encoding a functional or 
mutant DISCI or DISC2 gene product or a fragment thereof (c..^'.. a polypeptide domain of 
a DISC 1 or D1SC2 gene product) can be introduced in vivo, ex vivo, or in vitro using a vital 
vector or through direct introduction of DNA. Expression in targeted tissues can be effected 
bv targeting the transgenic vector to specific cells, such as with a viral vector or a rece ptor 
ligand. or by using a tissue-specific promoter, or both. Targeted gene delivery is described 
in International Patent Publication WO 95/28494. published October 1995. 

According to the present invention, vectors may be specifically targeted to 
eells expressing either a DISCI or a DISC2 gene product (e.^.^on their cell surface) using, 
for example, a DISC 1 - or DISC2-specific antibody (/... , an anfibody that specificall> binds 
to a DISCI or a D1SC2 gene product), or using a DISCI or a D1SC2 binding partner (for 
example, a DlSl- or DlSC2-specific ligand). Vectors may also be specifically targeted to 
cells expressing DISCI or D1SC2 using fragments (e.g.. peptide or polypeptide fragments) 
of a DISCI or DISC2 binding partner, particularly fragments which comprise DISCI or 
DISC2 binding sequence. Such methods may be used to target vectors expressing any gene 
to cells, including but not limited to. vectors that express DISC I or DISC2 specific antisense 
nucleic acids, or ribozymes which are specific for DISCI or D1SC2. 

Viral vectors commonly used for in vivo or ex vivo targeting and therapy 
procedures are DNA-based vectors and retroviral vectors. Methods for constructing and 



-65- 



10 



20 



25 



.„i„u ^ iral vectors .re km,»„ in .he ar, ( ve. e ,, . Miller and Rosman. Hi„ Teehniques, 7:98,,- 
m, I'W-) Preferable, ihc v.ral veetors are replicauon defee.ivc. that is. they are unable ,o 
repheate autonomously ,n the targe, eell. In general, the genomeorthe repliea.ton dcteeltve 
viral vectors vvhieb are used within the scope of the present invention lack at least one regton 
vUtich is necessary for the replieat.on of the virus in the tntcced cell. These regions can 
either be elinrinated (in uhole or in part), be rendered non-functional by any tcehntque 
known ,0 a person skilled in the art. I hese lechntques include the total rentoval, substt.utton 
,by other sequences, in particular by the inserted nucleic acd,. partial deletion or addition 
of .„,c or more bases to an essential tfor replication, region. Such techniques may be 
performed /« W,™ (on the isolated DNA) or .„ using the techniques of genetic 
manipulation or by treatment with mutagenic agents. Preferably, the replication de.ective 
virus retains the sequences of its genome which are necessary for encapsida.ing the viral 
particles. 

DNA viral vectors include an attenuated or detective DNA virus., such as but 
not hmited to herpes simplex virus (HSV,. papilk.navirus. Epstein Barr virus (EBW 
adenovirus, adeno-assocated v.rus (AAV), and the like. Delecfive viruses .h.ch enftreh 
or alr^ost entirely lack viral genes, are preferred. Detective virus is not infect.e alter 
introdttction into a cell. Use of detective viral vectors allows for admin.stration to cells 
a specific, localized area, w.thout concern that the vector can infect other cells. Ihus. a 
specific tissue can be specifically targeted. Examples of particular vectors include, but are 
not limited to, a defective herpes virus 1 (HSVl) vector (Kaphtt e> aL Molec. Cell. 
Neurosci. 2:320-330, 1991). detective herpes virus vector lackmg a glyco-protein E gene 
(Patent Publication RD 371005 A), or other defective herpes virus vectors (International 
Patent Publication No. WO 94/21807. published September 29. 1994: International Patent 
Publication No. WO 92/05263, published Apr.l 2. 1994): an attenuated adenovirus vector. 
suchasthevectordescribedbyStrattbrd-Perr,caudetc../.(JXnin.lnvest. 90:626-630.1992: 

see also La Salle al. . Science 259:988-990. 1993): and a defective adeno-associated v.rus 
vector (Samulski c! aL J. Virol. 61:3096-3101. 1987; Samulski e, aL J. Virol. 63:3822- 
3828. 1989: Lebkovvski e, aL Mol. Cell. Biol. 8:3988-3996, 1988). 
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Varun-s compani.s prod.co viral vccu.rs commcrc.lly, including Km by 
l,m„cd ,0 Avigen. Inc. (AlanKda. CA: AAV vectors,. Cell Cencsysd os.crO, C A, 
retroviral, adcnovral. AAV vectors, and len.iviral vectors,. Clontech ,retr„v,ral and 
bactdovnal vectors,. Oenovo, ,ne. .Sharon Hill. PA: adenoviral and AAV vectors,. Cienvee 
(adenoviral vectors,. IntroOene tl.cden. Netherlttnds. adenoviral vectors,. Molecular 
Medietne (retroviral, adenoviral. AAV. and Iterpes v.ral vectors,. Norgen (adenovtral 
vector,, Oxford B.oMedtca (OMord. United Kingdont: lentiv.ral vectors,, t,nd '1 ransgcne 
(Strasbourg. France, adenoviral, vaccinta. retroviral, and lentiviral vectors,. 

,„ another embodiment, the vector can be introdttced ,» v,V„ by lipolecnon, 
a, naked DNA, or vvith other transfection liclitating agents (peptides, polymers, etc.,, 
Synthette catlonic Itpids can be used to prepare liposomes I'o, in vivo translecion o. a gene 
encoding a marker (Pelgner, et. a,.. Proc. Nat,. Acad. Sci. U.S.A. 84:7413-74,,, .87: 

,j c • --7-;87 ^R?- 1Q89- see Mackev. et at. Proc. Natl. Acad. Sci. 
Felt-ner and Ringold. Science .o7.j87o8l$. I . 

USA 85-8027-8O3,, W88: Ulrner e, ,„', S.ence 25W745-,748. 1.93,, Usetul l,p,d 
compounds and eompos.tions for ,rans,.r of n,.cle,e aetds are described in International 
Patent Publications W095/,8863 and W,»/17823. and in U S Patent No. ,.459.1-7. 
Ltpids may be chemically coupted to other ntolecules for the purpose of targeting (see 
Maekey. et. al„ supra,. Targeted peptides, e , , ho. tnones or neurotransmitters, and prote.ns 
such as antibodies, or non-peptlde molecules could be coupled to li^somes ehennea ly. 
Other molecules are also useful for fae.li.ating transfection of a nucleic acid v/vo, such as 
acatio„,eoligopeptide,e,.,ln,er„a,lonalPatentPubllcati„nW095/2l93„,peptidesderived 

from DNA bindmg proteins i.,. Interna.tonal Patent Publtcation WO96/25508,, o, a 
eationie polymer (e.g.. International Patent Publleation W095/2193 1 ,, 

„ is also possible to introduce the vector in vivo as a naked DNA plasmtd. 
Naked DNA vectors tor gene therapy can be introduced into the desired host cells by 
methods known in the art, e electroporatlon, microinjection, cell fusion, DF.AE de.tran, 
caletum phosphate precipitation, use of a gene gun, or use of a DNA vector — P"-"-' 
e , Wue, «/ J. Biol. Chem. 267:963-967, 1992: Wu and Wu, J, Biol. Chem. 26.,:I46.1. 
,46^4 1988- Hartmut c, „/ , Canadian Paten, Appheation No. 2.0,2,31 1, ftled March I,, 
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a mammal. Recenllv. a rtlamei> r p A^.d Sci ^.^1-893. 

1 1 .Mrotransfer has been described (Mir et al .C.P. Acad. Sci.. .-i • 
technique, termed electrotransicr. nas 

, c,c,8. wo WOl 1 57; WO 158: WO W/Ol 175 V 

P.,erah,v. for v,v,. ad.Ws.ra.i™. an appropna.e i™uno.appa»,v 
.„_.c.plo.a.-o„3.*n.,..c...^ 

,mmunosuppressivecylokines.suchas.merk-uM.-12(ll. l-l-i 

^04 a„.ib V can adn„n,.e.ci ,o block hun,oral o, cellular i,™.ne resp n.. K, .he 
::L;,,.,e.Wnso„..a..eMe.c„,e.,0.,.. 

• ...r,. \ to .^xnress a minimal number ot antigens, 
to employ a viral vector that is engineered to .xpress 

SA_Antibojiies.tomSCImdJ>iSC2 
A„,ibodies .0 DISC 1 and D1SC2 a. usefnl. for d,agno,tics and 

, ^ f nisr 1 and DISC aclivitv. as set lorll, below. F or example, such 

— 

., -u rM^n niSC^ or both DISCI and D1SC2. 
^ t ^i.nrr1f>r^ associated w th either DISC I . L)l^<^- wi 

.e,d.b«reprodncedrecon,bl„an,l>orb,cl,e„,icals.n.hes,s.as.el,asrra,.en.oro.er 

. :L..oranalo..bere„.-Onc,nd,n...onpro.e,„s..nra.ben.^^ 

• HKriorDlSC^ Such antibodies include but arc not 
generate antibodies that recognize DISC 1 or in^^- 

^^^^^^^ 

recognize a mutant form of DISC 1 or 
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example, i" profcrroJ ombod.mon.s an amibody ,„ay roa.gn.c a„d 

spcificalK b,„U .0 a an. or vanan, DISC' , o. D,SC:. Sucb an anUbody may rcco,,,.. 

an, spocinca,K b.nd u, a DISC I or D,SC2 ,enc prodnc, .c . , a polypcpudc or naCcc ac,<i 
encoded bv a DISC I or DISC2 nucle.c aeid .ha, has a. leas, one polyn,orph,s,„ ,e « . a. leas 
, „„e ofhc'specnc DISC, and D,SC2 polynrorphisnrs descr.bed ,„ .he K.an,p,es. „./™,. 
P„,erabK . such an an.ibody reeo.nr.es and speeifically binds .0 a gene produe. eneode by 

a var,a„. DISCI or D,SC2 nuclcie aeid bu, does „„, bind ,o a gene prodne, eneoded by a 
.„d-.ype DISC, or D,SC2 nueleic aeid (e a gene produe. encoded by any „, .he DISC , 
and D,SC2 nuCeic aeid. se. ,or.h in FIGS. . A-C and in FlGS. .,A-C. respecveiy. and ,n 

10 SFOlDNOS-.l and3). . 

Vanous procedures Wno.vn in ,he ar, ,uay be used for ,he pr«luc.,o„ oi 
p„,velo„a, a„.,b„dies ,0 OSCAR polypep.ide or derivai.ve or anaiog .hereof. Por .he 
produe„en of an.ibody, various hos. a„,„,a,s can be i,.mun,«d by in,ee.,o„ »,.h he 
<,SCAR^Iypep.lde.orader,va.ive,e...ragn,cn.ora,s,onpro.ein,.hereo,.,ne,.Ki.g^^^^^ 

, 3 „„, hnrhed .„ rabb.rs, nriec. ,a.s. sheep. g„a.s. In one enrbodi.nen., a DISC I or DISC - 
p„,vpep.ide or frag.en. .hereof can be eonjuga.ed .« an ,n,„,un„ge„,c carrier, r,, . bo.ne 
serunr aibunr.u ,BSA, or Reyhole lurrpe, hen.oeyan.n ,K,,,-I,, Various adiucan.s .ay be 
used .o .nerease .he ,n,n,uno,o,iea. respon.se. depending on ,he hos, species. ,„c,ud,ng bu. 
„„, ,n,.„ed ,0 Freund's (comple.e and incon.p.e.e). nr.neral gels such as alum.nunr 
,0 hydro..de. surface acve subsfances such as lysolech.n. pluronic polyols, po yan.ons 
' pcp.,des. oi, emulsions, keyhole linrpe. hemocyanins. di„,.rophenol. and po.en„a,ly useful 
Kunran adjuvanrs such as BCG ..,c* C*e„e-a„c,.,„. and Cn.-.-ceW,,. ^r^ 

For prepararion of monoclonal an.ibodies direc.ed .oward .he DISCI or 
„,SC^geneprodue,.orafragmen,.analog,order,va,ive.hereo,-.any.eehn„ue,ba, provides 

,5 for .he producion of a„.,body molecules by con.inuous cell lines in eul.ure may^be used. 
' Theseincludebu.areno,Umi.ed.o,behybrid„ma.echni,ue„ngina„ydevel„pedbyKobler 

and Mils.ein (Na.ure , .75. 256.95.4.7, as .el, as .be .r.oma .echni.ue. .he human B-ee 
hvbr,don,a.ecbnmue,Ko*oreU„,. immunology Today ,.83.4.2: Co.ee, Proc. Na.l, 

Acad. Sei. U.S.A. ,983. 80:2026-2030,, and .he EBV-hybridoma .echnique ,o produce 
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„u„u,„ ,»,noclo„al an.ibodios (C «lc c, . i„ Monocl..nnl Antibodies and C ancer I hcrapy. 
Alan R 1 Inc., IWx pp- 77.%,, In an addUional cmK.d,mcn. of ,hc invcnt.on, 
nK,nocl„nal antibodies can bo produced In gern,.,rce aninrais (International l-atcnt 
Publicatton No. WC. 8->/126',0), In lact, according to the indention, technmttcs developed 
for tbe production o|-eb,nrcnc anttbodtes" (Morrison c, „/ . J. Baetertol. 1984, ,5M70. 
Nettbertterc,,,/ , Nature ,%4, 3,2:604-608; Takeda .,„/., Nature 1,85, 314:452.454, by 
splicng the genes iron, a nrouse anttbody molecule specific tor an OSCAR polypeptide 
.ogcther with genes fiom a human antibody molecule ol appropriatc biological acvtty can 
lJused- such antibodies are within the scope of this invention. Such human or human.ed 
chtmeric antibodies arc prclerred ,br use in therapy of human diseases or dtsorders 
(described ,„/n,>, since the human or humanized annbodies are much less hkely than 
.enogenic anttbodtes to induce an immune response, in particular an allergic response, 
iheniselves. 

Antibody fragments which contain the tdiotype of the antibody molecule can 
H,. generated bv known techniques. For example, such fragments include but are no, limited 
.0- Ac F(ab'), fragment which can be produced by pepsin digestion of the antibody molecule; 
the l ab' fragntems which can be generated by reducng the dtsulfide bridges of the F.ab), 
fragment, and the Fab fragments whtch can be generated by treating the amibody molecule 

^\ ith papain and a reducing agent. 

According to the invention, techniques described for the production of stngle 
chatn antibodtes (U.S, Patem Nos, 5,476,786. 5,132,405, and 4,046,778 , can be adapted to 
produce DISCI - or DISC2-specific single chain antibodies. An additional embodtmem o, 
,heinventionutihzesthe,echn,quesdescr,bcdforthec„nstruct,„nofFabexprcss,onllbrar,es 

(lluse c, ./.Science 1089, 246:1275-1281) to allow raptd and easy idcn„l,ca„on o, 
; monoclonal Fab fragments with the destred specificity for DISC, or DISC2, or for ,.s 

derivatives or analogs. 

,n the production and use of antibodies, screening for or testing vv„h the 
destred antibody can be accompiished by techniques known in the art, c-.,. 
radioimmunoassay, EUSA (en.yme-linked immunosorbant assay,, ■'sandwich 
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;„,„u„u.assavs, „„„u,„ora.K,„,o.rlc assays, gc, d,m,s procipUm roacons. 

i„,„u,„od,m,sio„assa>s.,.v,«nmn,u„oassays(asingc„l,oiaa,.o,d.e„.ymcorradio,so,op. 

labels Ibr example), western blols. preeipi.auon reacions. agglmina.ioa assays (e.g.. gel 
a„.U,u„a.,o„ assays. he„,aggla.ina„o„ assays,. c„,„plen,en. l«a.,o„ assays. 
5 immunoflaoresceaee assays, prolein A assays, and in,n,u„oelee,r„phoresis assays. e,e. In 
one en,bodi,nen,. annbody binding ,s de.ee.ed by de,ec.n,g a label on .be pnn.ary an„b..dy. 
,„ another enrbodimem. ,he primary annbody is de.eced by de.ec.ing bindingof a seeondary 
anlibodv or reagen. u> .he pri,nary an.ibody. In a lunher embodiment .he seeondary 
an.,bodv ,s labeled. Many means are known in .he ar. ,o, Je.ee.mg b.nd.ng ,n an 
,0 immunoassay and are w,.hi„ .he scope of .he presen, invenr.on. For example. ,o selee. 
a„.ibodies »h,eh .eeognize a speei.le epi.ope of a DISCI or D,SC2 gene prodne.. one may 
assav generaled bybridomas for a prodne. which binds .o a DISCI or D,SC2 fragmen. 
co„,a,mng sneh epiiope. For seleelion of an an.ibody speclie .0 ei.her a DISC 1 or a DISC 2 

,ene prod.,e, from a par.,cular spee.es of a.nmal. one can selec, on ,he bas,s „l pos,.,ve 
1 5 bnrding wi.h a DISC 1 or a D1SC2 gene product expressed by or isola.eu from cells o. .ha. 

species of animal. 

The foregoing antibodies can be used in methods known in the ar, relanng to 
the localization and activity of a DISC I or a D1SC2 gene product, such ,,s a polypeptide. For 
example the anttbodies may be used for Western blotting, imagmg DISC i or DISC2 ,„ .s«. 
,0 measuringlev=ls.here„finappropria.ephysiologicalsamples.e,e„singanyof.hed=,eet,on 

teehn,,„es mentioned above or known in .he an. Such an.ibodies can also be used m assays 
for ligand binding. as described in US Patent No. 5.679.582. .^nt.body bindmg 
generally occurs most readily under physiological conditions, e.g. , pH ofbetween about 7 
and 8 and phvsiologieal ionic s.reng.h. The presence of a carrier protein in the bulfer 
25 solutions stabilizes the assays. Wh.le there is some .olerance of perturbauon of opnmal 
eondiiions. e g . increasing or decreasing ionic s.rength. temperature, or pH. or addmg 
detergents or chaotropie salts, such perturbations will decrease binding stabthty. 
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In still other embodiments, anti-DISCl and/or anti-l)lSC2 antibodies may 
also be used to isolate eells vvhieh express either DISCI or D1SC2. by panning or related 
immunoadsorption teehniques. 

In a specific embodiment, antibodies that agonize or antagonize the activity 
5 of DISCI or D1SC2 can be generated. In particular, intracellular single chain Fv antibodies 
can be used to regulate (inhibit) DISC 1 or DISC2 activity ( Marasco et al , Proc. Natl. Acad. 
Sci. U.S.A. 1993, 90:7884-7893; Chen., Mol. Med. Today 1997, 3:160-167; Spitz ai. 
Anticancer Res. 1996, 16-3415-22; Indolfi c^/ a/., Nat. Med. 1996,2.634-635; Kijmac^/c//., 
Pharmacol. I her. 1995, 68:247-267). Such antibodies can be tested using the assays 
10 described infra for identifying ligands. 

5. 6 In Vivo Testing Using Transgenic Animals 

t ransgenic animals, including transgenic mammals, may be prepared for 
evaluating the molecular mechanism(s) of DISC 1 or DISC2 and. particularly, for evaluating 

1 5 the molecular mechanism(s) of disease and disorders, tor example neuropsychiatric disorders 
(e.^^., schizophrenia, schizoaffective disorder, bipolar affective disorder, unipolar affective 
disorder and adolescent conduct disorder), that are associated with DISC 1 or DISC2. Such 
animals provide excellent models for screening and/or testing drug candidates for such 
disorders. Thus, human DISC 1 and/or DISC2 "knock-in" animals, including human DISCI 

20 and/or DISC2 "knock-in" mammals, can be prepared for evaluating the molecular biology 
to this system in greater detail than is possible with human subjects. It is also possible to 
evaluate compounds or diseases in "knockout" animals, e.^. , to identify a compound that can 
compensate for a defect in DISC 1 or DISC2 activity. Both technologies permit manipulation 
of single units of genetic information in their natural position in a cell genome and to 

25 examine the results of that manipulation in the background of a terminally differentiated 
organism. Trangenic mammals can be prepared by any method, including but not limited 
to modification of embryonic stem (ES) cells and heteronuclear injecion into blast cells. 

A "knock-in" animal is an animal {e.}^. , a mammal such as a mouse) in which 
an endogenous gene is substituted w ith a heterologous gene (Roamer et al. . New Biol . 1 99 1 , 



3 r, 1 1. Preferably, .he he.erobguus gene is "knoeked-i,V to a loeus of in.eres,. either ,he 
subjee, „revaU,a.io„ (in wh.eh ease .he gene n,ay be a reporter gene: vec l-.legan, e, . l>roe 
Nail Aead. Sei. USA I9')8. ')5:1 18')7) of expression or lune.ion of a homologo.>s gene, 
.hereby linking .he he.erologorrs gene expression .„ .ranserip.ion from .he appropria.e 
5 promo.er. This ean be aehieved by homologous reeombinanon. .ransposon (Wes.phal and 
Leder. Curr Biol 1 997, 7:5.W). usrag mnlam reeombina.ion si.es (Araki c, al . Nueleie Aeids 
Res 1997. 25-868) or PCR (Zhang and Henderson. Bio.eehniques 1998. 25:784). 

A -knockon. animal" is an animal (e s . a ...ammal sueh as a mouse) .ha. 
e„n.ams wi.hin i.s genome a specif.e gene .ha. has been inac.iva.ed by .he me.hod ofgene 
10 ,arge.ing(vc.e. e g . US Pa.en.sNos. 5.777.195 and5.616.491 ,. A knoekou, anhnal .ncludes 
bo.h a he,eroz,go.e knoekour (,,.-.. one defee.ive allele and one wild-.ype allele! and a 
homozygous mu.an,. Preparation of a knockou. animal requires firs, in.rodueing a nuele.e 
acid eons,r„e. .ha, will be used .0 st.ppress expression ot a pariienlar gene ,n.„ an 
undifferen.ia.ed eell type .ermed an embryonie s.em eell. This eell is .hen injeced ,n.o a 
, 5 mammalian embryo. In preferred entbodin.en.s ,x,r whieh (be knoekou. animal is a mamnral. 
a mammalian embryo wi.h an integrated eell is .hen imputed ,n.o a foster mo.her lor (he 
durarion ofgesradon. Zhou, e, (Genes and Developmenl. 1995. 9:2623-.54, deseribes 

PPCA knock-out mice. 

The term "knockout" refers to partial or complete suppression of the 

20 expression of at least a portion of a protein encoded by an endogenous DNA sequence in a 
cell The term "knockout construct" reters to a nucleic acid sequence that is designed to 
decrease or suppress expression of a protein encoded by endogenous DNA sequences m a 
cell The nucleic acid sequence used as the knockout construct is typically comprised oh ( 1) 
DNA from some portion of the gene (exon sequence, intron sequence, and/or promoter 

.5 sequence) to be suppressed: and (2) a marker sequence used to detect the presence ot the 
knockout construct m the cell. The knockout construct is inserted into a cell, and .ntegrates 
with the genomic DNA of the cell in such a position so as to prevent or mterrupt 
transcription of the native DNA sequence. Such insertion usually occurs by homologous 
recombination regions of the knockout construct that are homologous to endogenous 
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DN A sequences h> bridi/e to each other when the knoekout construet is hiserted into the eel! 
and reeombine so that the knockout construct is incorporated into the corresponding pos.t.o.i 
ot-the endogenous DN A). The knockout construct nucleic ac.d sequence may comprise: ( 1 ) 
a full or partial sequence of one or more exons and/or mtrons of the gene to be suppressed: 
(2) a full or partial promoter sequence of the gene to be suppressed: or (3) combinations 
thereof. Typically, the knockout construct is inserted into an embryonic stem cell (HS cell) 
and is integrated into the ES cell genomic DNA. usually by the process of homologous 
recombination. Th.s ES cell is then injected into, and integrates vvUh. the developing embryo. 

The phrases "disruption of the gene" and "gene disruption" refer to insertion 
of a nucleic ac.d sequence into one region of the native DNA sequence (usually one or more 
exons) and/or the promoter region of a gene so as to decrease or prevent expression of that 
gene in the cell as compared to the wild-type or naturally occurring sequence of the gene B>' 
wav of example, a nucleic acid construct can be prepared containing a DNA sequence 
encoding an antibiotic resistance gene wh.ch is mserted into the DNA sequence that is 
complementary to the DNA sequence (promoter and/or codmg region) to be disrupted. When 
this nucleic acid construct is then transfected mto a cell, the construct will integrate into the 
genomic DNA Thus, many progeP> of the cell will no longer express the gene at least in 
some cells, or will express ic at a decreased level, as the DNA .s now disrupted by the 

antibiotic resistance gene 

Generally, for homologous recombination, the DNA will be at least about 1 
kilobase (kb) in length and preferably 3-4 kb in length, thereby providing sufficiem 
complementary sequence for recombination when the knockout construct is introduced into 
the genomic DNA of the ES cell (discussed below). 

Included within the scope of this invention is an animal, preferably a mammal 

(..,.. a mouse) in which two or more genes have been knocked out or knocked in. or both. 

Such animals can be generated by repeating the procedures set forth herein for generating 

each knockout construct, or by breeding two animals, each with a single gene knocked out. 

to each other, and screening for those with the double knockout genotype. 
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R,„„at.d .nockou. animals ca„ be prepared us,„g vario., sys.cms. such as 

or s-vs,cm (vcc US Pa.ea. No. 5,654,K,8) or .he CTe-l,ox system 
the tel-repressor svsitni v.ml 

P-uenls No 4.959.317 and No. 5.801.030). 

■ ,„ a„o.her senes of e„*„a,„,e„.s. ..s,e„ic a,„.a,s are crea.e. w . ■ 

„ . h.™„ D,SC. a„d/or D.SC2 .e„e,s. is,arc, stahl, ,aser.ed ,„.o ,he .e,»,.e o ,he 
(0 a human u ,nd/orDlSC2uenes are inactivated and 

„,„3,.ca„i,na,-.a„a,or„i..Hec*,e„o.s..SC ^^^^^ ^^^^^^^^ 

replaced with, heir human counterparts lsee..S.C oilman. Sem, P 
Hther <-/ Lah, Invest. 74:05:. Murakami e, . Blood Press. Suppl. 1 »<,. ..6 . 

..d,me„,s, ,he httman ^:ZZ^Z 

example the wild-type human DISC 1 gene nidv oe 

acid scuence set forth in P.C. 2 ,SEQ 10 NC^I. The wild-type human DISC. 
;::La;e,hatenc„desa„,,cle,cacid.„epr.,d.,ctha.n..hese,uencesh.^^^^^^^ 
CS 3A-G,SEQ,DNa3,. ,„ another aspect of these emh..diments. the human DISC 

"; "sc ,enes tnserted into and.or express.. h> the transonic anrma. ..mprrse 

and/or Li.^^ b i , , ni'sri or DlSf'2 gene havmg one 

• . nit:ri nr niSC tiene. F or example, a Dl^^L i or ui.^ h 

r::;:: — ^^^^^^ 

or more ot the p rp j, a particularly preferred aspect otxhese 

. vnressedbv a transgenic animal ot the mv tr.i uHi. 1 k 

expressed Dy air b .^u^h dissociated with a neuropsychiatnc 

/i"rr:;:;::=^^ - 

affective disorder and adolescent conduct disorder. 

. , .rented with candidate compounds and 

Such transgenic animals can be treated witn 

or pffiracv of a candiaate 
monttored for neuronal development, neurodegenerafon. or efficacy 

therapeutic compound. 

15 

5 7 Aiailicationian^^ 
Described herei^ are various applications and uses for DISC, and D1SC2 
,e„e sequences Oncludm. fra.nrents of lull length DISCI and DISC2 >,ne sendee.) 
„SCI and D,SC2 polypeptides (including fragments of full length DISC, and DISC . 



prccins, as uell as DISCI and 1)1SC2 fusk,,, polypcp.idosi and „r antibod.cs d.roocd 
a..an,s, DISCI or D1SC2 nucleic acids, and antibodies directed a.ains, DISCI or DISC 2 
p* peptides (includin, iVagnK-nts of lull length D.SCl and DISC2 genes and pro.etns,. 
SucI, applications may ineludCbrexatnple. both pr„gnosticandd,agn„s,ieapplica„ons,„r 

5 evaluati„.nenr„psichia,ricdisorders,forexan,ple,scbizopbrcn,a.schi.oalTec,ived,sordcr, 
bipolar alfecive disorder, nnipcdar alTeCive disorder and adolescent eondue, dtsorder) 
associated .ith a DISCI or D1SC2 gene and/or .„h a DISCI or DISC2 gene product or 
polvpeptidc. including the identillcation of subjects having such a disorder or havtng a 
predisposition to such a disorder. Additionally, such applications may include tnethods tor 

,0 treattn. disorders associated with a DISCI or D1SC2 gene. w,th a DISCI or D1SC2 gene 
product or with DISCI or D1SC2 polypcpt.de. as well as screening metnods to tdenttty 
compounds (including natural ligands and other cellular compounds, that modulate the 

, , „f .ither T DISC I or DISC2 gene, a DISCI or DISC2 gene 
synthesis, expression or activity ot either a uis>- 1 or i'-^^ h 

product, a DISC 1 or DISC2 polypeptide, or a combination thereof. 
I . .^s explained v„p«.. the DISC 1 and 0ISC2 penes and their gene products are 

associated with neuropsyehia.ric disorders such as schizophrenia, schizoaffective disorder, 
bipolar disorder, unipolar affective disorder and adolescent conduct disorder. In addition, 
the txamples i./ra provide novel mutations and polymorphisms in ,he DISCI and DISC2 
g^.nes which are associated with such neuropsychiatric disorders. Ihe Examples also 
,0 desc.be variant DISC I and DISC2 gene products that are encoded by these altered DISC 1 
and DISC^ genes and therefore are also associated with such ncuropsychiairic disorders. 

Accordingly, in preferred embodiments the DISCI and DISC2 nucleic aeids 
and polypeptides of the invention, as well as antibodies directed against such DISC I and 
DISC nucleic acids and polypeptides, may be used: (I, in prognostic and diagnostic 
.5 applications to idemify individuals having a neuropsychiatric disorder tfor example. 
schi™phrenia.sehi.oa.Tec.ivedisorder.bipolaratTectivedisorder.unipolaraflec,ivedisorder 

and adolescent conduct disorder) or having a predisposition to such a nenropsychtatnc 
disorder^ and (2) in screening methods for identifying compotmds (including natural ligands 
and other cellular compounds, as well as synthetic chemical compounds) that modulate 
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ofOlSC 1 ana/oHMSC2 .ones or ,ene products ana n.> be uscd^ 
,„,..:psvchuUncdisoraersucWassch.opl.cn.a.sch.,oan-.^ 
disorder, unipolar aftect.ve d.sorder and adolescent conduct d.sorder. 
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Pri^ a„n<.tir and diaQno stic^amXl 
ihe present methods provide means lor determining if a subject has 
,dia.n„st,e, or is at r,sk ofdeveloptng .prognostic, a d,seasc. condition „t dtsorder that ts 
asso'ciated .ith a DiSC, or D,SC2 alicie. e.., nenr„ps,ch,a,ric disorders st,ch a 
sehi.ophren,a. ADi). schizoai'teettovc disorder. .AD, nnipolar alTeeti.e tsorder and 
adolescent conduct disorder, or a neurops,chia,r,c disease or d.sorder/disordcrs res ng 

therefrom. , i 

The present invention provides methods for determining the molecular 

,.rr,cture ofa DISCI or DISC2 gene, such as a human DISCI or DISC, gene or a po.on 
,„ereof. In one embodtment, determtntng the molecular structure of a. ,=ast a portion „l a 
„,SC 1 or D.SC2 gene comprises delermining the identily of , he allelic variant of a, least one 

polvmorphic region of the gene (determining the presence or absence of one or more o t e 
, , ,„ „rsFtT ID NOs 1-4. and/or the sequences set Min 
allelic variants, or their complements, ot Sbt^ ID ^us.. 

i-,i,„ nictr 1 or DlSf ' genecan be located ui an exon. 
mTABLF.3i. Apolymorph.cregionoltheDISC 1 or ui.^ 

an intron. at an in.ron/exon border, or in the promoter of the gene. 

The invention provides methods for determining whether a subject has. or is 
at ris. of developing, a disease or condition associated with a specific allelic cariant ot a 
polvmorphic region of a DISCI or D1SC2 gene. Such diseases can be associated with an 
ahno^al neurological activity, such as. c... those associated with the onset o a 
neuropsvehlatric disorder such as schizophrenia, schizoaffective disorder, bipolar disorder. 
„.,|polar affective disorder and adolescent conduct disorder An aberrant DISC, protein 
levelcan resultlromanaberranttranscrtptionorpost-transcriptionalregulation. Thus. all h 

dilTercnces in specific regions of a DISCI gene can result in differences ,n the enco e 
prrrtein due to differences In regulation of expression. In particular, some o. the iden.i.ied 
u u ,„nisri or DISC^ gene mav be associated with diflerences in 
polymorphisms m the human DISC 1 or u\3^- gc 
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, • iii-..K to develop aberrant neurological 
u ^ -tul for nredictine whether a suhjeet has or is hkcK to develop 
be Lisetul lor preuieini^ ,,,.i,„tnr disorders or diseases. 

or disc: eenes such as ch.omoso,™! rea^angcments. , .kromco 
;„ve,«io„ can a.so be use. ,„ p.enau, d,a,«.i«. ^^^^^^^^ 
. p.re.e., .c.c.io„ ..n.,oa , a, « - > ^^^^^^^^^^^ 

nucleotide sequence from auy ol StQ ID NOb, 

- :0 .0.3. a .0. ----- ' „ ,.,ne a„e„c 

located in intron 10 ,s se, lorth ,n SLQ ID NC P 
_„..„n.cp„lyn,o..cte»nlocated,ne.onU,sset,„h,„L^^ 

..etee,,n.spec,r,caUelicva™n,sor,.epo.n,o.Hica.,on.^^^^^^^^^^^ 
,„ „,SEQ ,D N0S:3MU a ptobe .t detect™, a s.c ^^^^^ 

■A A ;n ^FO ID NO- 42; and a probe lor detecting a specine 
promotens provided in SEQIUNU. .no in NO- 43 In a preferred 

-78- 



25 



10 



20 



25 



variants are attached to a solid phase support, e..,', a "chip". Oligonucleotides can be bound 
to a solid support by a variety of processes, including lithography. For example a chip can 
hold up to 250.000 oligonucleotides (CieneChip. Affymetrix). Mutation detection analysis 
using these chips comprising oligonucleotides, also termed "DN A probe arrays" is described 
c'^.. in Cronin cl al. (1996) Human Mutation 7:244. In one embodiment, a chip comprises 
all the allelic variants of at least one polymorphic region of a gene. The solid phase support 
is then contacted w ith a test nucleic acid and hybridization to the specific probes is detected. 
Accordingly, the identity of numerous allelic variants of one or more genes can be identified 
in a simple hybridization experiment. For example, the identity of the allelic variant of the 
nucleotide polymorphism in the 5' promoter region can be determined in a single 

hybridization experiment. 

In other detection methods, it is necessary to first amplify at least a portion 
of .the DISCI or D1SC2 gene prior to identifying the allelic variam. Amplification can be 
performed, e.^.. by PGR and/or LCH (see Wu and Wallace. (1989) Genomics 4:560). 
according to methods known in the art. In one embodiment, genomic DNA of a cell .s 
exposed to two PGR primers and amplification for a number of cycles sufficient to produce 
the required amount of amplified DNA. In preferred embodiments, the primers are iocated 
between 1 50 and 350 base pairs apart. Preferred primers, such as primers for amplifying 
each of the exons of the human DlSGl or D1SG2 gene, are listed in FIG. 4. 

Alternative amplification methods include: self sustained sequence replication 
(Guatelli. .l.G. el al.. 1990. Proc. Natl. Acad. Sci. USA 87:1874-1878). transcriptional 
amplification system (Kwoh, D.Y. etui. 1989, Proc. Natl. Acad. Sci. USA 86:1 173-1 177). 
Q-Beta Replicase (Lizardi. P.M. et al.. 1988. Bio/Technology 6:1197). and self-sustained 
sequence replication (Gualelli et al. , ( 1 989) Proc. Nat. Acad Sci. 87:1874). and nucleic acid 
based sequence amplification (NABSA). or any other nucleic acid amplification method, 
followed by the detection of the amplified molecules using techniques well know n to those 
of skill in the art. These detection schemes are especially useful for the detection of nucleic 
acid molecules if such molecules are present in very low numbers. 
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|„ one omboJin,cm. .ny ola var.c.y of s.4u.ncu,g rcacions known n, .Ik m 
can be nsed ,o diree.y .e,nenee a. leas, a po„,o„ ofa DISC, o. DISC2 ,ene a„C de.ec. 
allel,e vanants. ma.auons. by co.par.n. .be sequence of.he san.ple seM.,e„ee w,. .be 
.„.espond,ng ...d-.ypeCcon.ro,, .e^nenee l.e.plary se^nencn,, reae„„ns ,ncMe , o.e 
5 ba.ed on .eebn.^ucs developed by Maxam and Oilher. ,/>,,. ,V<«/ Auu, ,SA „ 

74^560, or San.er (Sanger e, a, (1977, /V... ,V„, Sa 74:5463,. ,. ,s a so 

con.en,pla.ed,ha.a„yoravarie.yorau,on,a.edse,.,enei„6Proceduresn,aybe.,.,l.«d.ben 

perrornring .he s„b,ee. assays ,B„„ec ' ' -'""'"^ ^'"^'^'"''"^ 

, I i e p.,,,.,„ No 5 547.835 and interna.ional pa.en. 
spcc.ron,elry (see. tor example. U.S Kil..n. No. 

,0 applica.ion Pubnca.,„n Number WO 04/16.0,. en.nled D.V,-. .SV.,„«,c™,« *.v 

,V«.,™»,c*y by H. I«s,er: U.S. Pa.en, No. 5.547.835 and in.crna.iona, na.en. appl,ea,,on 
Publ,ca,ion Nunrber WO 04/2,822 e„„„ed "DNA Se,neneing by Mass Spec.rome.ry V.a 
Pxon.,c,ease ne,rada.,on" by ,1. K5s.cr, and (/ S Pa.en, No.5,605.708 a.d ln.e.na.,o„a, 
Pa.en. Applica.ion No. PCT/USO„/0365, en.Med »" 

, . S,.~y by H. K6s.er.. Coben «/. , 1006, - V ^«">. ^-7-' and 0,„..n 

„ „, ,,903, Ai,pl moc,.,. fl„«c.e<„W 38:,47-l50,. I. .,11 be eviden. .o one sknied ,n ,ne 
ar..l,a.foreer.ainen,bodin,en.s.,beoccurreneeofo.,lyo„e...oo„hreeof.he.,.cle,eac.d 

bases need be de,en„,ined in .be se.aenc,,,, reacon. Kor ins.ance. A-.ack or .be l,ke. 
where only one nucleotide is de.ee.cd, ean be earned out. 
,0 Ye, o,her sequencing merhods are disclosed, e in U.S. Paren, No. 

5 580 73^ en,i,led "Melhod of DNA sequencng employing a mixed nNA-polymer cha.n 
probe" and U.S. Pa,en,No. 5.57,.676cn,i,led"Metb„df„rmismateh-d,rec,ed ,„,.t™ DNA 

sequencing". 

,„ some cases. ,he presence of a specifie allele «f a DISC I or DISC 2 gene ,n 
.5 DNA from a subjec. ean be shown by restriction enzyme analysis. For cxamp,e, a spccl.c 
„ucleo.,de polymorphism can rcsul. in a nucleo.ide sequence comprising a res.ricuon s,.e 
which is absen, from .he nucleo.ide sequence of ano,her allelic varian,. Thus, 
polvmorphisms can be deiermined by analysing ,he produCs or res.ricion d.ges.s. 
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In a further cmbojimcm, pro.oction Ircm clcavae. asoms (suci, as a nuclease. 
hvd.«sv.a„„„c or osmiuu, .c.roxide and .„h p,pcr,d,ne, can U.- used ,„ de.ec, n,isn,a,ched 
bases,„RNA/RNADNA/DNA,orRNA/DNAhc,er„dnplexes,Myers.c.,„;.ll')8^).S"e„cc. 

,,0.P4^, In general, ,he .eclmmuc of ■•misn.uch cleavage" su>rts by pr„v,d,ng 
he,er„duple.es formed by bybrid.ing a eon.ro, nuele.c aeid. ubieb is op.ionally labeled. 
, , RN A or DN A. eonrprising a nucleo.ide secuenee ola 5-1.0 allelic var,au. with a sample 
„;,cle,e aeid. e.g. RNA or DNA. ob.ained Ironr a .issue sample. Tbe double-s.randed 
duplexes are .rea.ed wi.h an agen, vvhicb cleaves singlcs.randed regions of .he duplex such 
a, duplexes formed based on bascpair misma.ehes be..eer, .he con.rol and san,ple s.rands^ 
Forins,ance.RNA/DNAduplexeseanbe.rea.edwi.hRNasea„dDNA/DNAhybr,ds.rea.ed 

.,.h SI nuclease .0 en.yma.ically d.ges. .be m.sn.a.ched regions. In o.her embodimen.s. 
eirber DNA/DNA or RNA/DNA duplexes can be .rea.ed wi.h hydroxylamine or osm.um 
,e.roxide and wi.h piper.dlne ,n order .0 digcs. m.sma.ched rcg.ons. Af,er digesuon ol .he 
™sma.ched regions. ,he resul.mg ma.eria, ,s .hen scpa.a.ed by size on dena.ur.ng 
,„lvacrylam,de gels .0 de.er„,me whe.he, ,be con.ro. and sample nucleic acds have an 
',den.,eal nueleobde sequence or ,n which nucleondes .I.e.. are d.fleren.. See. lor example. 
C„..on c, r„ ,1988, P™c. N., A.u, Sa CSA 85:4:..^: Saleeba c, ,1.«,> Me.bods 
Enzymod. 21 7:286-295. In a preferred embod.men.. ,he con.rol or sample nuele.e .ae.d ,s 

labeled for detection. 

in ano.her embodiment, an allelic varian. can be identified by dena.ur.ng 

H,gh.performanee l„uid chromatography (DHPIC-. Ex»P'«- >^ 
Underbill ,.995, ,/, O.n 57:Suppl, A266). In general. PCR prod.,e.s are 

produced using PCR prmrers Hanking .he DNA ofin.eres,. DHPLC analys.s is carr.ed ou. 
and .he res„l.n,g ehroma.ograms are analyzed .„ iden.ily base pair al.era.ions or deletions 
base-don specific ehroma.ograpb.c profiles ,see CDonovan e, ,1998, 0..,..,cs 52:44- 

49). , ^ 

In other embodiments, alterations in electrophoretic mobihty is used to 

w <^<rP- si'c Fxami3les infra) may be used to detect dilterences 
conformation polymorphism (SSC V. set fAampiex / ,/ ; 
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,„ ...„ph.,K.,ic nu*,my .cwec, ™.a,« w,M -vpc „uc,.c .eels ,(.n.a . . ' 

,v.,I .V, .... H6::7«,. sc. a,s„ C„,.„„ U,,,. :«:n>U.. 

Hava*U.'.'.:.0-c.»c.^>Wn..;M,,-/9:73-7<,,.Si„,lo.s,n.„acdUNAr.,.n,e,,..o.san,pi 

......... acds va.« acco... .„ se.,... U. a,,.a o ■ 

.enhanced u.„« RNA ..a„ DNA.. „> wK.I, .K- seccda. s..,.. . .o. 

.„.ive ,0 a cKan,e in sequence. ,„ .u..e. p.re.ea o,*oc„.e,„, .u,,c ■ n.>^ 
„U,.cs hceMaplex anaKs.s .„ scpao.e douHlo s.anded hccoduplcx „,o,ec.,c. o„ 
ba.s of changes m c.ecrophore.ic .obm.y <Kccn « ( i 9') O 7W. ^ 
,„ ve. another embodiment. ,he ,den.i,y of an allelic va„an, of a polymorphs 
..,ion i. ohlained hy analysing ,he movemen. of a „..,e,e,e ae,d compri.in, ,l,e p.,yn,orph,e 
re:io„mp„,yacry,am,de.e,scon,am,„.a,rad,en,ordcna.„ranu.a.avednsm,e„a^^ 

,r;d,en, .el elee.rophore.s ,0001. (Myer. . < 1^.. 3,3:4... When f ..0 

t a,ed as .he n,c>hod ofanalysis. r,N A «,! ^ modlHed fo ,ns.,re ,ha, i, does no, .omple. , 
dena,ure. for example hy adding a OC elamp „, approx,ma,e,y 40 Pp of hi,h-me,„„, „ 
nch DN ^ bv PCR. In a further embodiment, a ,empera,.;re grad.en, is useo ,„ plaee o a 
dena,arin. agent gradient ,o iden,,.', differences in ,he ntob.ii.y of eon,rol and sample DNA 
(Rosenbaum and Reissner ,1987) Biophys Chem 26x127,). 

F.amples of .echniques for detecting differences of at leas, one nucleottde 

h.bridi.a„on. selective amplinca.ion. or seleCive primer e.enston. For e.anrple 
oiigonneleotide probes may be prepared in which the known polymorphtc mrcleot c ,s 
placedcemral,y,allele.speci„cpr„bes)andthenhybridi.ed,otarge,ONA.n«.ndu 

Ihteh perm,, hybridi.tion only ,f a perfect match is fo„nd ,Sai. . < 6 
374.163). Sa,M «/ ,1989) ... A.,/ .« US. 86:6230; and Wallace c, r,7 (,.7.) 
;cMc...«c.,.6:3543,.Suchallelespecir,cohgonucleo.idehybridi.„on,echnm„esmay 

be used for .he simnUaneous de.ccion of several nucleotide changes m d.llerent 
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p„,v™,rp,„c rc„«ns „n„c DISC. .,r .).SC2 gc„o. .'or example, „„go„uclcoudos l.>v,„. 

s.c.e„ccs or .pecific var,a„. a. auaCu. ,0 a h>b„.,,i,„ ....ra,. a,-a 
..„*,a,K . .hen hy.ndi.od w,.h labeled sample nucleic acd. AnaKs. o, ho 
brid...K.„ s„nal .ill ihcn reveal the identity of the nacleot.des of the santpie nuclcc 

Mternativelv. allele specific amplification technology which depends on 
selccve PCR antplificafon ntay be used in c„n,unct,on with the instan, invent.on^ 
Oh.onnc,eotides used as primers fcr specfic amplification tnay carry the allelic variant „ 
.nJres, in the center of the molecule (so that amphficanon depends on d,Merem,a 
0 hvhr.di.at,„nUOihhse.,/<198.).V„c,c,c.,c,W.v«».l7:24,7-2448,orattbeext,eme,end 

of one primer where, under appropnate condnions. mrsmatch can prevent, or re uce 
polvmerasc extension (Prossner (1 WJl l/Mctn 

17-^.03, This technique is also termed "PROBK" tor Probe Oligo Base Extcnston. 
,„ add,t,o„ it may he desirable to tntrodnce a novel res.rictton stte ,n the regton o, the 
, 5 mutatton to create cleavage-based deteet.on (Gasparini . r,,' , 1 «2t m < W, rro^.s 6: , 
In another embodiment, identification of the allelic variant is carried out usmg 
an ohgonucleotide ligat.on assay tOLAt, as described, . in t.S, Pat. No. 4,,.«,0I7 and 
i„ , a^degren, U. e, .A. ,.98S) .SCe.ce 24l:l,>77-1080 The OL.. protocol uses two 
oligonucleotides which are designed to be capable of hy bridi.ng to abutting sequences o. 
70 a single strand of a target. One of the ohgonucleotides is linked to a separation marker, e,g., 
" biotinvlated. and the othe, is detectably labeled. If the precise complenrentary sequence ,s 
found in a target molecule, the oligonuclet,t,des will bybrid.ze such that thetr term n, abut, 
and create a ligation substrate. Ligation then permits the labeled oligonueieoude to e 
.covered using avidin, or another biotin ligand, Nickerson. D, A, w have described a 
75 nucleic acid detection assay that comb.nes attributes of PCR and OLA tNickerson, D, A. e, 
' ,„ ,1,90, rroc. Na:l ta.V. ; 87:8923-8927. In this method, PCR is used to 

achieve the exponential amplification of target DNA, which is then detected using OLA, 

Several techniques based on this OLA method have been developed and can 
heu,edtodeteetspecificane,icvariantsofa^lymo,bicregionofaD,SC,orDISC2gene. 
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For example. U.S. Patent No. 5593826 discloses an OLA using an oHgonucleotide havmu 
T-amino uroup and a 5'-phosphorylated oligonucleotide to form a conjugate having a 
phosphoramidate Hnkage. In another variation of OLA described in l obe c. ((1996) 
Sucleic Acids Res 24: 3728). OLA combined with PCR permits typing of two alleles m a 
sinule microtiter well. By marking each of the allele-specUlc primers with a unique hapten, 
i e. diuoxiuenm and fluorescein, each OLA reaction can be detected by using hapten speeit.c 
antibodies that are labeled with different enzyme reporters, alkaline phosphatase or 
horserad.sh peroxidase. Lh.s system permits the detection of the two alleles using a high 
throughput format that leads to the production of two different colors. 

The invention further provides methods for detecting single nucleotide 
polymorphisms (SNPs) in a DISCI or DISC2 gene. Because single nucleotide 
polvmorphisms constitute sites of variation tlanked by regions of invariant sequence, the.r 
analvsis requires no more than the determination of the identity of the single nucleotide 
present at the site of variation and it is unnecessary to determine a complete gene .equence 
for each patient. Several methods have been developed to facilitate the analysis of such 

single nucleotide polymorphisms. 

In one embodiment, the single base polymorphism can be detected by using 
a specialized exonuclease-resistant nucleotide, as disclosed, e.g.. in Mundy. C. R. (U.S. Pat. 
No. 4.656.127). According to the method, a primer complementary to the allelic sequence 
imn^ediately 3' to the polymorphic site is pernutted to hybridize to a target molecule obtained 
n-om a particular animal or human. If the polymorphic site on the target molecule contains 
a nucleotide that is complementary to the particular exonuclease-resistant nucleotide 
derivative present, then that derivative will be incorporated onto the end of the hybridized 
primer. Such incorporation renders the primer resistant to exonuclease. and thereby permits 
its detection. Since the identity of the exonuclease-resistant derivative of the sample is 
known, a finding that the primer has become resistant to exonucleases reveals that the 
nucleotide present in the polymorphic site of the target molecule was complementary to that 
of the nucleotide derivative used in the reaction. This method has the advantage that it does 
not require the determination of large amounts of extraneous sequence data. 
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In another embodiment of the nnention, a solution-based method is used tor 
determining the identity of the nueleotide of a polymorphie site, Cohen, I). e( al. (f reneh 
Patent 2.650,840; PC f Appln. No. W()91/02087). As in the Mundy method of U.S. Pat. No. 
4,656,127, a primer is employed that is eomplementary to allehe sequenees immediately 3' 

5 to a polymorphie site, f he method determines the identity of the nueleotide of that site using 
labeled dideoxynueleotide derivatives, which, if complementary to the nucleotide of the 
polymorphic site will become incorporated onto the terminus of the primer. 

An alternative method, known as Genetic Bit Analysis ("GBA") is described 
by Gcelet, P. et al. (PCT Appln. No. 92/15712). The method of Goelet, P. el al. uses 

10 mixtures of labeled terminators and a primer that is complementary to the sequence 3' to a 
polymorphic site. The labeled terminator that is incorporated is thus determined by. and 
complementary to, the nucleotide present in the polymorphic site of the target molecule 
being evaluated. In contrast to the method of Cohen el al. (French Patent 2,650,840: PC ' 
Appln. No. \V 09 1/02087) the method of Goelet, P. el al. is preferably a heterogene(His phase 

1 5 assay, in which the primer or the target molecule is immc^bilized to a solid phase. 

Recently, several primer-giiided nucleotide incorporation procedures for 
assaving polymorphie sites in DNA ha\e been described (Komher, J. S. el ^//.. Nucl. Acids. 
Res. 17:7779-7784 (1989); Sokolov, B. P., Nucl. Acids Res. 18:3671 (1990); Syvanen. A. 
-C, et al.. Genomics 8:684-692 (1990), Kuppuswamy, M. N. ei al, Proc. Natl. Acad. Sci. 

20 (U.S.A.) 88:1 143-1147 (1991); Prezant, T, R. et aL Hum. Mutat. 1:159-164 (1992); 
Ugozzoli, L. et a/., GATA 9:107-1 12 (1992); Nyrcn, P. et ^//., Anal. Biochem. 208:171-175 
(1993)). These methods differ from GBAO in that they all rely on the incorporation of 
labeled deoxynucleotides to discriminate between bases at a polymorphic site. In such a 
format, since the signal is proportional to the number of deoxynucleotides incorporated, 

25 polymorphisms that occur in runs of the same nucleotide can result in signals that are 
proportional to the length of the run (Syvanen, A. -C, et c//., Amer.J. Hum. Genet. 52:46-59 
(1993)). 
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ac,crn„ni„g .ho iJcnny of ,hc allcl,c varian, of a poK ,«,rp,„c rc,K,„ 
in *c c„a,„. re„„„ of a DISC, or D,SC: gen. >c. Ck-, n.,,,.* .han .hos. 
: Ma.„vecanK.,.a..o..a„,p,c.*n.nca.,onoranaHe,,c.a„a^^ 

„,„.,.,„.C,p.o.o,nca„.pc...™....n.nan..^^^ 
„.,a„,.o,ei„,n....n,— .,s.oc,.™.,->or ---""^ ^"^^^^^^^^^^^^ 

.„„«n in .e an a,, a.- a,.„ .e.*. ...n. .cfe.e. a,n,K.a,es ,cc , a U 
r.BLF,.A.Al.e™,ive,y,on.ca,,a,so„,eas„.anac.ivi,,ofa»l...>peornu,,an,D,S i 

snch Hnain, o, a.oni..an,a.„ni. acvi. . S«h a.a> s a. Uo.n in . e a„. H,. 
Lp,ealigandu,.heD,SC,p™.eincanh.n,ixe.,.«,,bo..,.nd-Wea„.,™.^^^^^^ 

::::i:.oela.e..*e..a..nan.or.He„,n.a. 

r - . 1 nhove mav. also be used in disease diagnostics ana 
5 variant thereof, which are discussed above, ma, al .u.,.-velor 

prognostics such diagnostic methods, may be .sed to detect abnormai.ties m 

O. C 1 polypeptide expression, o, abnormalities in the structure ana or tissue cell u ar. o. 

. f , niSC 1 polvpept.de. Structural dift^rences may include, tor 
subcellular location ot a DISC 1 poiyp-pi 

e.a.ple difference, in ,he size, elecuonesa.ivi.y. an.i.enie,,, of .he ™. n. DI.U 

,„ :;ep;,ae.e,a.ive.o.he.v,.-,ypep^^ 

L:d.a,ea.yhe.,ee.ed„ri.o,a.ea.,.n..eehn,.,es*h^ 

, . .he a„, ine,ud,n. ... no. „„...ed .o .e.ern .0. ana U.,ed 
„p,ana.io„ of n,e.hods for earryin, ou, Wes.crn b,o, analysis, see San.hrook e, aL 19 
:a.a.Cl.ap.er,..rhepr„..inde.ec.,o„a,,d,so,a.,.,nn,e.hodse.ployedh^^^^^ 
,3 heUas,Ho.edescrihea.nMarlo.a.,dLane.f„re.a.pleO,ar,o..H.a„d..a„e^O.^^I^^^^^ 
..A„,ihodies: A Lahora.ory Man..af. Cold Spring Harbor Lahora.ory Press. Cold Spnn, 
Harbor New York), which is incorpora.ed herern by reference in its ent.re.y, 

Thrs can be aeconrpl.shed. for exanrple. by i™n,unofluoreseence .echn„ue, 
e.p,oyin,anuoresee„.lylabeledan,ib„dy,seebelow,c„upled.i,bl,gh.n,ieroscopic.no. 
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cytometric, or tluorunetric detection. The antibodies (or fragments ihereot) useful .n the 
present invention may. additionally, be en.pUned histologically, as in immunotluorescence 
or immunoelectron microscopy, for in sin, detection of DISCI polypeptides. /. si,u 
detection mav be accomplished by removing a histological specimen from a patient, and 
applvmg thereto a labeled antibody of the present mvention. The antibody (or fragment) is 
preferably applied by overlaying the labeled antibody (or fragment) onto a biological sample. 
Through the use of such a procedure, it is possible to determine not only the presence of the 
DISCI polypeptide, but also Us distribution in the examined tissue. Using the present 
invention, one of ordinary skill will readily perceive that any of a wide variety of histological 
methods (such as stainmg procedures) can be moditled in order to achieve such /. si,u 
detection. 

Often a solid phase support or carrier is used as a support capable of binding 
an antigen or an antibody. Well-known supports or carriers include glass, polystyrene, 
polvpropylene. polyethylene, dextran. nylon, amylases, natural and modified celluloses 
polvacrvlamides. gabbros. and magnetite. The nature of the carrier can be either soluble to 
some extent or insoluble for the purposes of the present mvention The suppo.t material may 
have virtually any possible structural configuration so long as the coupled molecule is 
capable of binding to an antigen or antibody. Thus, the support configuration may be 
sphencal. as m a bead, or cylindrical, as in the instde surface of a test tube, or the e.<ternal 
surface of a rod. Alternatively, the surface may be flat such as a sheet, test strip, etc. 
Prefen-ed supports include polystyrene beads Those skilled in the art will know many other 
suitable carriers for binding antibody or antigen, or will be able to ascertain the same by use 

of routine experimentation. 

One means for labeling an anti-DISCl polypeptide specific antibody is via 
linkage to an enzyme and use in an enzyme immunoassay (EIA) (VoUer. "The Hnzyme 
Linked immunosorbent Assay (EL1SA)^ D.,,«asm. //^^^^^^^^^^^^^ 

Associates Quarterly Publication, Walkersville. MD; VoUer, ei al. , J. Clin. Pathol. 3 1 :507- 
520 (1978); Butler. Meth. Enzymol. 73:482-523 (1981); Maggio, (ed.) Enzyme 
I>nmunoassav. CRC Press. Boca Raton. FL. 1980; Ishikawa. ./.. (eds.) Enzyme 
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Immunoassay. Kgaku Shoin. Tok> o. 1 98 1 ). The en/> me vvhieh is bound to the antibody xv ill 
react with an appropriate substrate, preferably a chromogenic substrate, in such a manner as 
to produce a chemical moiety vvh.ch can be detected, for example, by spectrophotometric. 
tluorimetnc or by visual means, blnzymes which can be used to detectably label the antibody 
5 include, but are not Hmited to. malate dehydrogenase, staphylococcal nuclease, delta-5- 
steroid isomerase. yeast alcohol dehydrogenase, alpha-glycerophosphate. dehydrogenase, 
triose phosphate isomerase. horseradish peroxidase, alkaline phosphatase, asparaginase, 
glucose oxidase, beta-galactosidase. ribonuclease. urease, catalase. glucose-6-phosphate 
dehydrogenase, glucoamy lase and acetylcholinesterase The detection can be accomplished 
1 0 by colorimetric methods which employ a chromogenic substrate for the enzyme. Detection 
may also be accomplished by visual comparison of the extern of enzymatic reaction of a 
substrate in comparison with similarly prepared standards. 

Detection may also be accomplished using any of a variety of (»ther 
immunoassays. For example, by radioactively labeling the antibodies or antibod> tVagments. 
1 5 it is possible to detect fingerprint gene wild type or mutant peptides through the use of a 
radioimmunoassay (RIA) (see. for example. Weintraub. B.. Principles of 
Radioimmunoassays, Seventh Training Course on Radioligand Assay Techniques, fhe 
Endocrine Society, March. 1 986. vshich is incorporated by reference herein). The rad.oacti^■e 
isotope can be detected by such means as the use of a gamma counter or a scintillation 

20 counter or by autoradiography. 

It is also possible to label the antibody with a fluorescent compound. When 
the fluorescently labeled antibody is exposed to light of the proper wave length, its presence 
can then be detected due to fluorescence. Among the most commonly used fluorescent 
labeling compounds are fluorescein isothiocy anate. rhodamine. phycoerythrin. phycocyanin. 

25 allophycocyanin. o-phthaldehyde and fluorescamine. 

The antibody can also be detectably labeled using fluorescence emitting 
metals such as '^^Eu. or others of the lanthanide series. These metals can be attached to the 
antibody using such metal chelating groups as diethylenetriaminepentacetic acid (DTPA) or 
ethylenediaminetetraacetic acid (EDTA). 
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The ant.body also can be dcteclably labeled by coupling it to a 
chen^lumineseent compound. The presence of the chem.lum.nescent-tagged ant.body is 
then determined bv detectu.g the presence oHuminescence that arises during the course ot 
a chem.cal reaction. Hxamples of particularly useful chemiluminescent labeling compounds 
are luminol. isolumnu>l. theromatic acridin.um ester, im.da/ole. acr.dinium salt and oxalate 



eslcr. 



[.ikevvise. a bioluminescent compound may be used to label the antibody of 
the present invention. Biolummescence is a type of chemilummescence found in biological 
systems m. which a catalytic protein increases the efiloency of the chemUumu^escent 
10 reaction. The presence of a bioluminescent protein is determined by detecting the presence 
of luminescence Important bioluminescent compounds for purposes of labeling are 

luciferin, luciferase and aequorin. 

Moreover, it will be understood that any of the above methods for detecting 
alterations in a gene or gene product or polymorphic variants can be used to monitor the 

\ 5 course oF treatment or therapy. 

If a polymorphic region is located in an exon. either in a coding or non-axlmg 
port.on of the gene, the identity of the allelic variant can be determined by determinm.g the 
n.olecular structure of the mRN A. pre-mRNA. or cDNA The molecular structure can be 
determined using any of the above described methods for dctermmmg the molecular 
20 structure of the genomic DNA. e.g.. DHPLC, sequencing and SSCP. 

The methods described herein may be performed, for example, by utilizing 
pre-packaged diagnostic kits, such as those described above, comprising at least one probe 
or prime, nucle.c acid described herein, which may be conveniently used, e.g. to determ.ne 
whether a subject has or is at risk of developing a disease associated with a speciHc DISCI 

^^ or DISC2 allelic variant. 

Sample nucleic acid for using in the above-described diagnostic and 
proanostic methods can be obtained from any cell type or tissue of a subject. For example, 
a subject's bodily fluid (e.g. blood) can be obtained by known techniques (e.g venipuncture). 
Alternativelv, nucleic acid tests can be performed on dry samples hair or skin). Fetal 
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nuclcMC ac.d samples can bo obtained from maternal blood as described in Internat.onal 

Patent Application No. WO^) 1 /()7660 to Bianchi. Alternatively, amniocytes or chorionic villi 

may be obtained for performing prenatal testing. 

Diagnostic procedures may also be performed in sin, directly upon tissue 
5 sections (Hxed and/or fro/.en) of patient tissue obtained from biopsies or resections, such that 

no nucleic acid purification is necessary. Nucleic acid reagents may be used as probes and/or 

pnmers for such sin, procedures (see. for example. Nuovo. G..I.. 1992. PCR s,n< 

hybridization: protocols and applications. Raven Press. NY). 

In addition to methods which focus p.inianly on the detection of one nucleic 
1 0 acid sequence, profiles may also be assessed in such detection schemes. Fingerprint profiles 

may be generated, for example, by utilizing a differential display procedure. Northern 

analysis and/or RT-PCR. 

Phnrntacosenomi cs 

1 5 Knowledge of the identity of the allele of one or more DISC 1 o. DISC2 gene 

polymorphic regions in an mdividual (the DISC I or DISC2 genetic profile), alone or in 
conjunction with information on other genetic defects contributing to the same disease ithe 
genetic profile of the particular disease) also allows a customization of the therapy for a 
particular disease to the individual's genetic profile, the goal of ' pharmacogenomics". For 

20 example, subjects having a specific allele of a DISC 1 or DI SC2 gene may or may not exhibit 
symptoms of a particular disease or be predisposed to developing symptoms of a particular 
disease. Further, if those subjects are symptomatic, they may or may not respond to a 
certain drug, e.fr.. a specific DISCI or DISC2 therapeutic, such as, e.g.. an inhibitor of 
DISCI or DISC2 activity or binding, but may respond to another. Thus, generation of a 

25 DISCI or DISC2 genetic profile, {e.g.. categorization of alterations in DISCI or D1SC2 
genes which are associated with the development of a particular disease), from a population 
of subjects, who are symptomatic for a disease or condition that is caused by or contributed 
to bv a defective and/or deficient DISCI or D1SC2 gene and/or protein (a DISCI or DISC2 
genetic population profile) and comparison of an individuaFs DISC 1 or DISC2 profile to the 
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population profile, permits the selection or design ofdrugs that are expected to be sate and 
efficacioLis for a particular patient or patient population (i.e.. a group of patients having the 

same genetic alteration). 

For example, a DISCI or DIS(:2 population profile can be performed b> 
5 determining the DISCI or D1SC2 profile, e.i^.. the identity of DISCI or D1SC2 alleles, in a 
patient population having a disease, which is associated with one or more specific alleles of 
DISCI or D1SC2 polymorphic regions. Optionally, the DISCI or DISC2 population profile 
can further include information relating to the response of the population to a DISC 1 or 
D1SC2 therapeutic, using any of a variety of methods., including, monitoring: 1 ) the severity 
10 ofsymptoms associated with the DISCI orDlSC2 related disease. 2) DISCI orDlSC2gene 
expression level, 3) DISCI or DISC2 mRNA level. 4) DISCI protein level. 5) eosinophil 
level, and/or 6) leukotriene level, and dividing or categorizing the population based on 
particular DISCI or DISC2 alleles. The DISCI or DISC2 genetic population profile can 
also, optionally, indicate those particular DISCI oi DISC2 alleles which are present in 
15 patients that are either responsive or non-responsive to a particular therapeutic. This 
information or population profile is then useful for predicting which individuals should 
respond to particular drugs, based on their individual DISCI or DISC2 profile. 

In a preferred embodiment, the DISCI or DISC2 profile is a traitscriptional 
or expression level profile and step (i) is comprised of determining the expression level of 
20 DISCI proteins, alone or in conjunction with the expression level of other genes knovNn to 
contribute to the same disease at various stages of the disease. 

Pharmacogenomic studies can also be performed using transgenic animals. 
For example, one can produce transgenic mice, e.g.. as described herein, which contain a 
specific allelic variant of a DISCI or DISC2 gene. These mice can be created, e.g., by 
25 replacing their wild-type DISCI or DISC2 gene with an allele of the human DISCI or 
DISC2 gene. The response of these mice to specific DISCI or DISC2 therapeutics can then 
be determined. 
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Methods of Treatment 

I he present invention provides for both prophylactic and therapeutic methods 
of treating a subject having or likely to develop a disorder associated with specific LMSCl 
or DISC2 alleles and/or aberrant DISCI expression or activity, e.i^.. disorders or diseases 
5 associated with aberrant neurological functions, such as neuropsychiatric diseases or 
disorders. 

rhe DISC 1 or DISC2 nucleic acid molecules, polypeptides and antibodies of 
the present invention may be used, for example, in therapeutic methods to treat disorders, 
such as neuropsychiatric disorder (including, for example, .schizophrenia, schizoaffective 
10 disorder, bipolar affective disorder, unipolar affective disorder, attention deficit disorder, and 

adolescent conduct disorder). !n addition, compounds that bind to a DISCI or DISC2 
nucleic acid or polypeptide of the invention, compounds that modulate DISCI or DISC2 
gene expression, and compounds that interfere vith or modulate bmding of a DISCI or 
D1SC2 nucleic atid or polypeptide with a bmding compound may be useful, ca^. . in methods 

1 3 for treating such neuropsychiatric disorders. 

For example, in a preferred embodiment, compounds that specificallN- bind 
to variant DISC 1 or DISC2 nucleic aeia of the present invention or. alternatively . compounds 
that specifically bind to a variant DISC 1 or DISC2 gene product encoded by such a nucleic 
acid molecule may be used to inhibit the expression or activity of thai variant DISCI or 

20 DISC2 gene or gene product, while not inhibiting the expression or activity of a w ild-type 
DISCI or DISC2 gene or its gene product. 

Prophylactic Methods. In one aspect, the invention provides a method for 
preventing in a subject, a disease or condition associated with a specific DISCI or DISC2 
allele and/or an aberrant DISC 1 or D1SC2 expression or activity, such as a neuropsychiatric 
disorder, ci^.. schizophrenia, and medical conditions resulting therefrom, by administering 
to the subject an agent which counteracts the unfavorable biological effect of the specific 
DISCI or DISC2 allele. Subjects at risk for such a disease can be identified by a diagnostic 
or prognostic assay, e.}^.. as described herein. Administration of a prophylactic agent can 
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occur prior to the manifestation of symptoms associated with specific DISC\ or I)ISr2 
alleles, such that a disease or disorder is prevented or. alternatively, delayed in its 
progression. Depending on the identity of the DISCI or D1SC2 allele in a subject, a 
compound that counteracts the effect of this allele is administered, fhe compound can be 
5 a compound modulating the activity of a DISCI polypeptide or D1SC2 RNA. e.g., an 
inhibitor. The treatment can also be a specific diet, or environmental alteration. In 
particular, the treatment can be undertaken prophylactically. before any other symptoms are 
present. Such a prophylactic treatment could thus prevent the development of an aberrant 
neurological function or aberrant neuropsychiatric prof le such as those displayed in , c.^!;.^ 
10 schizophrenia, schizoaffective disorder, bipolar disordei. unipolar affective disorder and 
adolescent conduct disorder. I he prophylactic methods are similar to therapeutic methods 
of the present invention and are further discussed in the following subsections. 

Therapeutic Methods. I he invention further provides methods of treating 
] ubjects having a disease or disorder associated with a specific allelic variant of a 
polymorphic region of a DISCI or D1SC2 gene Preferred diseases or disorders include 
those associated w ith aberrant neurological function, and disorders resulting therefrom (e , 
neuropsychiatric diseases and disorders, such as, for example, schizophrenia, schizoaffective 
disorder, bipolar disorder, unipolar affective disorder and adolescent conduct disorder). 
20 In one embodiment, the method comprises (a) determining the identity of the 

allelic variant; and (b) administering to the subject a compound that compensates for the 
effect of the specific allelic variant. The polymorphic region can be localized at any location 
of the gene, e.g,, in the promoter (e.i^.^, in a regulatory element of the promoter), in an exon, 
(e.g., coding region of an exon), in an intron, or at an exon/intron border. Thus, depending 
25 on the site of the polymorphism in the DISCI or DISC2 gene, a subject having a specific 
variant of the polymorphic region which is associated w ith a specific disease or condition, 
can be treated with compounds which specificall> compensate for the allelic variant. 

In a preferred embodiment, the identity of one or more of the nucleotides of 
a DISCI gene identified in TABLE 5 can be determined. 




In a parlicularly preferred embodiment, it is determined that a subjeet has one 
or more of the following ( WT/SNP): C/ f at position 1 872; and A/ f at position 2 1 63; of Si;Q 
ID NO: 1, respeetively. 

If a subject has one or more of the polymorphisms of the invention {sec 
5 TABLE 5), that subject can have or be predicted to be at risk for developing a 
neuropsychatric disorder, e,^. schizophrenia, fhe neuropsychiatric disorder can be prevented 
from occurring or can be reduced b\ administering to the subject a pharmaceutically 
effective amount of a compound found to inhibit the activity or binding of the DISCI 
polypeptide or DISC 2 gene product, or modifies the transcription or expression of the f^lSC 1 

10 orDISC2gene. 

Generally, the allelic variant can be a mutant allele, i.e.. an allele which when 
present in one, or preferably two copies, in a subject results in a change in the phenotype of 
the subject. A miUlation can be a substitution, deletion, and/or addition of at least one 
nucleotide relative to the wild-type allele [i.e., the refeience sequence). Dependhig on where 

15 the mutation is located in the DISC 1 or rJlSC2 gene, the subject can be treated to specifically 
compensate for the mutation. For example, if the mutation is present in the codmg region 
of the DISCI gene and results in a more active DISCI protein, the subject can be treated. 
e.g. by administiation tc the subject of a DISCI inhibitor, such that the administration of an 
jnhibitor prevents aberrant neurological function associated wixh the DISCI protein. In 

20 addition, wild-type DISCI protein or nucleic acid coding sequence/cDNA can be 
administered to compensate for the endogenous mutated form of the DISCI protein. 
Likewise, an inhibitor or compensator can be administered to counteract any abberant 
activity of a DISC2 RNA. Nucleic acids encoding wild-type human DISCI protein are set 
forth in SEQ ID NO:2. Furthermore, depending on the site of the mutation in the DISCI 

25 protein and the specific effect on its activity, specific treatments can be designed to 
compensate for that effect. 

Yet in another embodiment, the invention provides methods for treating a 
subject having a mutated DISCI or DISC2 gene, in which the mutation is located in a 
regulatory region of the gene. Such a regulatory region can be localized in the promoter of 
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the gene, in the 5' or 3' untranslated region of an exon, or in an intron. A mutation in a 
regulatory region ean result in inereased production of DISCI protein or DISC7 RNA, 
decreased production of DISCI protein or D1SC2 RNA, or production of DISCI protein or 
DISC2 RNA having an aberrant tissue distribution. The effect of a mutation in a regulatory 
5 region upon the DISCI protein or DISC2 RNA can be determined, c.^^., by measuring the 
protein level or mRNA level in cells having DISCI and DISC2 genes with such mutations 
and which, normally (i.e., in the absence of the mutation) produce DISCI piotein or DISC2 
RNA. The effect of a mutation can also be determined in vitro. For example, if the mutation 
is in the promoter, a reporter construct can be constructed which comprises the mutated 

1 0 promoter linked to a reporter gene, the construct transfected into cells, and comparison of the 
level of expression of the reporter gene under the control of the mutated promoter and under 
the control of a wild-type promoter. Such experiments can also be carried out in mice 
transgenic for the mutated promoter. If the nmtation is located in an intron, the effect of the 
mutation can be determined, e.^., by producing transgenic animals in which the mAiiated 

1 5 DISC 1 or DISC2 gene has been introduced and in which the wild-type gene may have been 
knocked out Comparison of the level of expression/transcription of DISC 1 o*- DISC2 in the 
mice transgenic for the mutant human DISCI or DISC2 gene with mice transgenic foi a 
wild-type human DISCI or DISC2 gene will reveal whether the mutaUon results in 
increased, decreased synthesis of the corresponding protein and/or aberrant tissue distribution 

20 of tne protein or RNA. Such analysis could also be performed in cultured cells, in which the 
human mutant DISC I or DISC2 gene is introduced and, e.g.. replaces the endogenous wild- 
type gene in the cell. Thus, depending on the effect of the mutation in a regulatory region 
of a DISC 1 or DISC2 gene, a specific treatment can be administered to a subject having such 
a mutation. Accordingly, if the mutation results in increased DISC 1 protein or DISC2 RNA 

25 levels, the subject can be treated by administration of a compound which reduces 
DISC1/DISC2 expression, e.g., by reducing gene expression or translation or a compound 
which inhibits or reduces the activity of the DISCI protein. 
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Furthermore, it is likely that subjects having different allelic variants of a 
DISCI or D1SC2 polymorphic region will respond differently to therapeutic drugs to treat 
diseases or conditions, such as those associated with neuropsychiatric disorders. 

A correlation between drug responses and specific alleles of DISC 1 or DISC2 
5 can be shown, for example, by clinical studies wherein the response to specific drugs of 
subjects having different allelic variants of a polymorphic region of a DISC 1 or DISC2 gene 
is compared. Such studies can also be performed using animal models, such as mice having 
various alleles of human DISCI or DISC2 genes and in which, e.g., the endogenous DISCI 
or DISC2 gene has been inactivated such as by a knock-out mutation. Test drugs are then 

10 administered to the mice having different human DISCI or DISC2 alleles and the response 
of the different mice to a specific compound is compared. Accordingly, the invention 
provides assays for identifying the drug which will be best suited for treating a specific 
disease or condition in a subject. For example, it will be possible to select drugs which will 
be devoid of toxicity, or have the lowest level of toxicity possible for treating a subject 

1 5 having a disease or condition. 



Monitoring Clinical Therapies. The ability to target populations expected 
to show the highest clinical benefit, based on the neurological activity or disease genetic 
profile, can enable: 1 ) the repositioning of marketed drugs with disappointing market results; 

20 2) the rescue of drug candidates whose clinical development has been discontinued as a 
result of safety or efficacy limitations, which are patient subgroup-specific; and 3) an 
accelerated and less costly development for drug candidates and more optimal drug labeling 
(e.g., since the use of DISCI or DISC2 as a marker is useful for optimizing effective dose). 

In situations in which the disease associated with a specific DISCI or DISC2 

25 allele is characterized by an abnormal protein or RNA expression, the treatment of an 
individual with a DISCI or DISC2 therapeutic can be monitored by determining DISCI or 
DISC2 characteristics, such as DISCI protein level or activity, DISCI or DISC2 mRNA 
levels, and/or transcriptional levels. This measurement will indicate whether the treatment 
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Other Uses 

I he identification ot different alleles of DISC 1 or D1SC2 can also be useful 
for identifying an individual among other individuals from the same species. For example. 
DNA sequences can be used as a fingerprint for detection of different individuals within the 
5 same species (Thompson, J. S. and Thompson, eds.. Genetics in Medicine, WB Saunders 
Co., Philadelphia, PA ( 1 1 )). This is useful, for example, in forensic studies and paternity 
testing, as described below. 

Forensics Applications. Determination of which specific allele occupies a 

10 set of one or more polymorphic sites in an individual identifies a set of polymorphic forms 
that distinguish the individual from others in the population. See generally National 
Research Council, The Evaluation of Forensic DNA Evidence (Eds. Pollard et ai. National 
Academy Press, DC, 1996). I he more polymorphic sites that are analyzed, the lower the 
probability that the set of polymorphic forms in one individual is the same as that in an 

1 5 unrelated individual. Preferably, if multiple sites are analyzed, the sites are unlinked. Thus, 
the polymorphisms of the invention can be used in conjunction with known polymorphisms 
in distal genes. Preferred polymorphisms for use in forensics are biallelic because the 
population frequencies of two polymorphic forms can usually be determined with greater 
accuracy than those of multiple polymorphic forms at multi-allelic loci. 

20 The capacity to identify a distinguishing or unique set of forensic markers in 

an individual is useful for forensic analysis. For example, one can determine whether a 
blood sample from a suspect matches a blood or other tissue sample from a crime scene by 
determining whether the set of polymorphic forms occupying selected polymorphic sites is 
the same in the suspect and the sample. If the set of polymorphic markers does not match 

25 between a suspect and a sample, it can be concluded (barring experimental error) that the 
suspect was not the source of the sample. If the set of markers is the same in the sample as 
in the suspect, one can conclude that the DNA from the suspect is consistent with that found 
at the crime scene. If frequencies of the polymorphic forms at the loci tested have been 
determined {e.g., by analysis of a suitable population of individuals), one can perform a 
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pair of primcTs selected tronuhe group sol tbnlun TABLE 5 and FIG. 4 ( Sl^ 
The kits of the invention can also comprise one or more control nucleic acids or reference 
nucleic acids, such as nucleic acids comprising a DISCI or D1SC2 intronic sequence. For 
example, a kit can comprise primers for ampliiying a polymorphic region of a DISCI or 
5 D1SC2 gene and a control DNA corresponding to such an amplified DNA and having the 
nucleotide sequence of a specific allelic variant. Thus, direct comparison can be performed 
between the DNA amplified from a subject and the DNA having the nucleotide sequence of 
a specific allelic variant. In one embodiment, the control nucleic acid comprises at least a 
portion of a DISCI or D1SC2 gene of an individual who does not have a neuropsychiatric 
1 0 disease, aberrant neurological activity, or a disease or disorder associated with an aberrant 

neurological activity. 

Yet other kits of the invention comprise at least one reagent necessary to 
perform the assay. For example, the kit can comprise an enzyme. Alternatively the kit can 
comprise a buffer or any other necessary reagent. 
1 5 The present invention is further illustrated by the following examples which 

should not be construed as limiting in any way. The contents of all cited references 
(including, without limitation, literature references, issued patents, published patent 
applications) as cited throughout this application are hereby expressly incorporated by 
reference. The practice of the present invention will employ, unless otherwise indicated, 
20 conventional techniques of cell biology, cell culture, molecular biology, transgenic biology, 
microbiology, recombinant DNA. and immunology, which are within the skill of the art. 
Such techniques are explained fully in the literature. See. for example. Molecular ChmmgA 
Laboratory Manual 2nd Ed., ed. by Sambrook, Fntsch and Maniatis (Cold Spring Harbor 
Laboratory Press: 1989); DNA Cloning, Volumes I and II (D. N. Glover ed.. 1985); 
25 Oligomicleotide Synthesis (M. J. Gait ed., 1984); MuUis et al. U.S. Patent No: 4,683.195; 
Nucleic Acid Hybridization (B. D. Hames & S. J. Higgins eds. 1984); Transcription And 
Translation (B. D. Hames & S. J. Higgins eds. 1984); Culture Of Animal Cells (R. I. 
Freshney. Alan R. Liss, Inc., 1987); Immobilized Cells And Enzymes (IRL Press, 1986); B. 
Perbal. A Practical Guide To Molecular Cloning (1984); the treatise. Methods In 
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inference could be made that a disease susceptibility locus also mapped to the region ol 
increased allele sharing. 



Materials and Methods 
5 Sample population. Nuclear families, with at least one sibling diagnosed 

with schizophrenia or schizoaffective disorder, and a second sibling with schizophrenia, 
schizoaffective disorders or a related psychotic disorder, were identified from nationwide 
registers in Finland (Movatta et ai. Am J Hum Genet 1999:65: 1 1 14-24; Ekelund et al.. Hum 
Mol Genet 2000;12:1049-1057). To facilitate a search for susceptibility loci underlying a 
10 narrow, intermediate or broad definition of schizophrenia, families were grouped into three 
classes. Specifically, prior to genetic analysis, each family was characterized as belonging 
to one, two, or three of three increasingly more inclusive diagnostic groups. These groups, 
as well as the number of families meeting the criteria for each class, are detailed in TABLE 
1. 

15 TABLE 1 

Families for Linkage Analysis of Schizophrenia 
Type of Family No. of 



Families 



1 : At least two siblings with schizophrenia 


130 


2 : At least two siblings with schizophrenia or schizoaffective 


164 


disorder 




3: At least two siblings with schizophrenia, schizoaffective disorder. 


175 


schizophreniform disorder, delusional disorder, brief psychotic 




disorder or psychoses not otherwise specified (NOS) 





25 Genotyping. Genomic DNA samples were extracted from whole blood using 

standard methods (Blin and Stafford, Nucleic Acids Res 1976;3:2303-8). DNAs were 
quantitated by Hoechst dye fluorescence using a CytoFluor 3000 fluorimeter (PerSeptive 
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Biosyslcms, Framingham, MA), normalized at 40 ng/^L and stored at 4°C. Microsatellitc 
marker loci, that map to introns of DISCI, were selected from public databases. PCR 
primers, labeled for analysis on the ABI 377XL DNA sequencer (Applied Biosystems, F^oster 
City, C A), were prepared using standard oligonucleotide synthesis chemistry. Each genotype 
5 was double-scored, once by an expert human technician and once by a proprietary software 
package; incongruities between the two were resolved by the human scorer. Finished marker 
data for each pedigree were checked for Mendelian inheritance; raw data for all observed 
deviations were reevaluated. 

1 0 Linkage Analysis. Nonparametric affected sibling pair linkage analysis was 

carried out using Genehunter vl.O (Kruglyak et al 1996, supra) as modified by Kong and 
Cox {Am J Hum Genet 1997;61: 1 179-1 188). Allele frequencies were determined using 
actual or imputed founder genotypes. Evidence for linkage was determined from the LOD 
score and its associated p-value. The LOD score is calculated as the logarithm (base 10) of 

1 5 the odds of observing the data given linkage of the microsattellite marker to a susceptibility 
locus versus the odds of observing the data under the null hypothesis of no linkage. Thus, 
a LOD score of 2 is interpreted as 100:1 odds in favor of linkage. 

Results 

20 Microsattellite markers D 1 S25 L D 1 S3462, and D 1 S2702, mapping to DISC 1 

introns K 8, and 9, were identified from public resources. The markers were genotyped in 
the schizophrenia family study DNA and analyzed for linkage to a neuropsychiatric disorders 
within the family sets defined in TABLE 1. Single marker LOD scores, as well as their 
corresponding p-values, are presented in TABLE 2. While these LOD scores do not meet 

25 criteria for genome wide significance (due to the adjustment to the p-value that must be made 
given the multiple tests performed across the genome), the LOD scores for D1S3462 and 
D1S2709 do reach significance for assessing a single candidate region (Lander and 
Kruglyak, Nat Genet 1996;11:241-7). Thus, this region is judged to be linked to 
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neuropsychiatric disorders and the strength of this linkage is greatest for the broad ( Typo 3) 
definition of schizophrenia. 



TABLE 2 



Marker 


Family Type 1 


LOD Scores 
Family Type 2 


Family Type 3 


D1S251 


0.29 


0.21 


0.16 


D1S3462 


1.67* 


1.39* 


1.31* 


D1S2709 


1.88* 


2.69** 


2.88** 



10 



15 



* p<0.001 
** p<0.005 

This Example thereby shows that the genomic sequences comprising DISC 1 
and D1SC2 are related to neuropsychiatric disorders (t'.^,', schizophrenia). The novel SNPs 
disclosed in this application are thus ones that can be used to diagnose and treat such 
disorders in a general population, and not just in a special pedigree. 



EXAMPLE 2: Determining the Genomic Structure for DISCI and D1SC2 

So that the DISC 1 and DI SC2 genes could be further analyzed for nucleotide 
20 variants and, in particular, for nucleotide variants which correlate with a neuropsychiatric 
disorder such as schizophrenia, schizoaffective disorder, bipolar affective disorder, unipolar 
affective disorder and adolescent conduct disorder, the genomic structure of these genes was 
first determined. Specifically, although the cDNA sequences of both the DISCI and the 
DISC2 genes have been previously described (see. in particular, Millar et ai. Human 
25 Molecular Genetics 2000, 9:1415-1423) their genomic sequences remain unknown, 
including their intron sequences, the intron-exon boundaries and 5'-promoter sequences of 
the DISCI and DISC2 genes. This example describes the elucidation of the genomic 
sequences and structures for these genes. 
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Brictly, the genomic structures of DISCI and I)ISC2 are determined by- 
comparing the cDNA sequences shown in FIGS. 1 A-C (SEQ ID NO: 1 ) and in FICS. 3A-(; 
(SEQ ID N0:3), respectively for each of these genes to the sequences of large, genomic 
DNA clones (BACs) that contain genomic sequences for segments of human chromosome 
5 1 which contain DISCI and DISC2. Such comparisons were done using the Basic Local 
AHgnment Search Tool (BLAS T; sec\ for example, Karlin&Altschul, Proc. Natl. Acad. 
U.S.A. 1990.87:2267-2268; Altschul c^/ a/., ./ AM Biol. 1990,215:403-410; AltschuUv 
al. Nature Genetics 1993,3:266-272; d^nd A\\^d\\x\ et ai. Nuci Acids. Res. 1997,25:3389- 
3402) and Sequencher 3.L1 (Gene Codes Corporation, Ann Arbor, Michigan). The DISCI 

10 and DISC2 cDNA sequences were compared to the sequences of BACs which are publicly 
available from the GenBank database, and identified in the following Table by their 
GenBank Accession number (including the appropriate version number) and their Genelnfo 
Identification (GI) number. The DISCI and DISC2 sequence was also compared to a BAC 
referred to herein as zlhXdisc43 or "disc43". The nucleotide sequence for this BAC is 

15 provided here in SEQ ID N0:4. 



TABLE 3 

BACs Used to Evaluate the Genomic Structure of DISCI and DISC2 



BAC 


GenBank 




Clone 


Accession No. 


GI N0./ID 


RP11-17H4 


ACOl 1655.4 


7239563 


RPl 1-9801 


AL359543.4 


8979569 


RP4-584N17 


AL136171.10 


9188229 


RP5-865N13 


AL353052.2 


9213047 


RP4-730B13 


AL161743.14 


9588180 


RP4-730B13 


AL161743.15 


9717048 



Using BLAST and Sequencher to align the DISCI and DISC2 cDNA 
sequences with the above BAC sequences, regions of identity were identified between the 
transcribed cDNA sequence and the sequences of the genomic region from which they were 
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transcribed. 1 hese regions of sequence identity correspond to exon regions of the DISC 1 and 
DISC2 genomic sequences, respectively, fhe boundaries of the exon regions were 
confirmed by the presence of known, conserved splice elements Hanking these exon 
sequences. 

5 



TABLE 4 

Exon/Intron Boundaries of Partial DISCI Genomic Sequences 



Exon 


GI No. 


Residues - 


Boundary sequences 




1 


7239563 


133392- 


GGAAGGAGCA ... 


5 and 6 






133273 


C ACCGCGC AGO 1 AUUUUAUL 




2 


8979569 


26151- 


TfCTTCCCAGGCAGCCGGGA... 


/ and 0 






25168 


A 1 GG AGG 1 G AU 1 U 1 C 1 L 1 1 L 




■*» 


8979569 


18020- 


ACCAACATAGGTAATATCCT... 


V and 1 U 






17951 


TATGATAAAGCj 1 GAG 1 I I 1 A 




4 


8979569 


73785- 


GGG I TTCCAGCTG AGACG I 1 ... 


I 1 r^-t^A 1 0 

I I and il 






7j>6j5 


CCAL. 1 CAGCAvjAUAU 1 AL 1 1 




5 


8979569 


1 .•)5'^40- 


1 IGi 1 1 1 AAvjljijCCAOCLiLiA... 








136069 


GCAGCTACAGGTGAGCAGGT 




6 


disc43- 


168- 


TTCTCTACAGAAAGAAATCG... 


15 and 16 




8979569 


93742 


CCATAAGGAGGTACTGCTGA 




7 


9188229 


135913- 


ATTCTTCCAGCCTCCAGGAA... 


17 and 18 






135859 


CACTACTAAGGTAAGTACCT 




8 


9188229 


130963- 


CTCCCCCTAGGTGTGTATGA... 


19 and 20 






130861 


gccatatcaggtaactggca 




9 


9188229 


112742- 


CGTGCTGTAGGAAACCATTT... 


21 and 22 






112554 


ACTGCCTATGGTAGGTAGTG 
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• 




• 




Fxon 


Gl No. 


Residues - 


Boundary Sequences 


SHQ ID NO; 


10 


^)588180 


36876- 


n rCCCCCACiAAACAACTGT... 


23 and 24 






36936 


AACTCTGCAtiGTAAGGATAA 




11 


0588180 


65546- 


TCTGTCTCAGCTGCAAGTGT... 


25 and 26 






65744 


CCCTTTGAAGG FATTGGAAG 




ir 


0588180 


65546- 


TCTGTCTCAGCTGCAAGTGT... 


27 and 28 






65810 


ACAGAAAGAGGTCTGTCCTT 




12 


0588180 


83196- 


CTCTCGCCAGGAATCTTACA... 


29 and 30 ^ 






83315 


TCTCATTCATATCCTTTTCA 




1 J) 


'J, 1 JUt- / 




GTG C C C A A G TCT CTC A G G A 


31 and 32 








TATCCAAGGC 





- Note non-conserved splice donor sites in introns 4 and 12. 



^ There is a discrepancy in the sequence between GI No. 9588 1 80 (genomic DN A clone; see 
TABLE 3) and 8 1 63868 (cDN A clone; SEQ ID NO: 1 ) at residue 833 1 5. A "T" at that locus 
(residue No. 10 of SEQ ID NO: 30) was confirmed in all samples while the cDNA clone has 
10 a"G". 

Regions of sequence contained in the BAG sequences but not in the cDNA 
sequences are considered to be intron sequences (for those sequences which are flanked by 
exon sequences) of the DISCI or DISC2 genes, or are sequences which lie outside the 
1 5 transcribed 5' and 3' boundaries of these genes, including a region (referred to here as the 5'- 
promoter region) of about 1 kb upstream of the transcription start site. 

EXAMPLES: Detection and Identification of Novel DISCI and D1SC2 

Sequence Variations Associated With Neuropsvchiatric Disorders 

20 This example describes experiments in which genetic sequences from 

individuals of selected populations, described supra in Example 1 , were analyzed and novel 

DISCI and/or DISC2 polymorphisms were identified. These DISCI and DISC2 variants. 
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as well as the altered gene products they encode, are described here for the first time, and 
represent novel DISCI and D1SC2 sequences that can be used in the methods described 
supra, e.g.. to diagnose and treat neuropsychiatric disorders, such as schizophrenia, 
schizoaffective disorder, bipolar affective disorder, unipolar affective disorder, adolescent 
5 conduct disorder, etc in the general population. 



Materials and Methods 
PCR Amplification. DISCI and DISC2 genomic sequences were amplified 
10 according to standard PCR protocols described supra, using oligonucleotide primers 
described below and in FIG. 4. 



Single Stranded Conformation Polymorphism (SSCP) Analysis. SSCP 
analysis of genetic samples was carried out according to standard protocols described 
1 5 previously (see, in particular, Orita et al , Proc. Natl. Acad. Sci. U.S.A. 1 989, 86:2766-2770) 
and using polyacrylamide gels that contain either 0% or 10% glycerol, fhe resolution 
achieved in a gel analysis of a specific polymorphism can vary somewhat depending on the 
glycerol concentration in the gel. Thus, in this screening analysis, both 0% and 1 0% glycerol 
gels were used. 

20 

Denaturing High Performance Liquid Chromatography (DHPLC), 

Standard DHPLC (Transgenomic, Inc., Omaha Nebraska) protocols previously described by 
Oefener & Underbill {Am. J. Hum. Genet. 1995, 57:A266) were used to analyze PCR 
amplified fragments of DISCI and DISC2 genomic sequences, with modifications to 
25 increase throughput. Specifically, genetic samples were pooled, after PCR amplification, by 
combining two DNA samples per well in a 96 well plate, giving 48 pooled samples. 

WAVEmaker software (Transgenomic, Inc.) was used to predict a melting 
temperature for each PCR amplified DISCI or DISC2 sequence analyzed, and to calculate 
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an appropriate buffer gradient for mutation detection, f he buffers used for DI IPLC analysis 
consisted of: Buffer A (0.1 M THAA) and Buffer B (0.1 M l EAA and 25% acetonitrile). 

DNA Sequencing. DNA samples were sequenced using standard nucleic acid 
5 sequencing techniques discussed supra. 



Results 

10 f^^' PGR amplification products ot the DISCI and DISC2 genomic sequences that 

contain exon (including the intron/exon junction), 5'-UTR, 3'-UTR and regulatory (e,^.. 5'- 
promoter) sequences ofthe DISC 1 and/or D1SC2 genes were generated from genetic samples 
obtained from individuals ofthe populations described in Example 1, supra. The primers 
used are provided in FIGURE 4. The table in FIG. 4 describes primer sequence pairs 

15 (columns 3 and 4) for the identification/amplification of DISCI and/or DISC2 variants, as 
well as the location (column 5) and length (column 6) ofthe amplified sequence. Ihe PCR 
primers were chosen to amplify DISCI and/or DISC2 sequences from about 150 to about 
450 bp in length, which are preferred size ranges for mutation analysis by the SSCP and 
DHPLC methods described here. 

20 The genetic samples included DNA samples obtained from individuals 

suffering from a neuropsychiatric disorder (core schizophrenia or schizoaffective disorder), 
as well as samples from control individuals who were not suffering from and did not exhibit 
symptoms of a neuropsychiatric disorder. 

The PCR amplification products were analyzed for polymorphisms using 

25 either SSCP, DHPLC or both. In the case of SSCP analysis, aliquots of PCR products 
amplified from the genomic DNA samples of appropriate individuals were heat denatured 
and electrophoresed in polyacrylamide gels, and variant nucleotides were detected by 
mobility shifts in the gel. Alternatively, DHPLC analysis used reverse-phase ion-pairing 
chromatography to detect heteroduplexes generated during amplification of PCR fragments 
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TABLE 5A 

SNPs Identified in DISCI Genomic Sequences 



Polymorphism 
ID 


Gl No./ID 


Residue No. 


Mutation 

(WT/SNP) 


Genomic 
Region 
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9188229 


112716 


CVT 


Exon 9 


discVla 
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37031 


G/A 


Intron 10 
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A/T 


Exon 1 1 
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disc 1 6(1 
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G/A 


Exon 13 


discSla 


7239563 


133614 


C/G 


5'-promoter 


disc 43a 


zlhdisc43 
(SKQIDN0:4) 


176 
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